Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



„Googlc 




r,i„=;t,C00gle 






,GC)oglc , 



iGoogle. 



' 10 1901 



THE GEOLOGICAL 



NATURAL HISTORY SUpi, 



D^iisrnsrEsoT^. 



THE SEVENTH ANNUAL REPORT. 

FOR THE YEAR 1878. 



Opficbbs of the Suetey. 

N. H. WINCHELL, State Geoloffist, ■ - In Charge. 

8. F. PECKHAM, Chemistiy. 

M. D. RHAME, Topography. 

C. W. HALL, . - - - Aasistant Geologist. 

P. L. HATCH, Ornithology. 

ALLEN WHITMAN, ... - Entomdo^iiit. 

CLARENCE L. HERRICK, - ■ - Uboratoiy Asssiatant. 



Submitted to the President of the University Dec. 31. 1878. 



MINNEAPOLIS : 
JOUNfiOH, SMITH * B.\HKI30B. 
1879. 



cmizo^^yCoOglc 



THE BOARD OP BEQENTS OF THE DNIVEESITT. 



HENRY H. SIBLEY, St. Paul, President. 

THOS. S. BUCKHAM, FuribauU. 

RICHARD CHUTE, Minneiipolis. 

PARIS (JIBSON, Minneftpolis, Secretary aad Treasurer. 

MORRIS LAMPREY, St. Paul. 

WM. R. MARSHALL, St. Pad. 

EX-OFFICIO. 

JOHN S. PILLSBURY, Governor of Minnesota, Minneapolis. 
DAVID BURT, Superintendent of Public lustraction, St. Paul. 
WM. W. rOLWELL, Preaidenl of the UniTersitj, Minneapolis. 



„Googlc 



i. SkeUh of the Lead Region, hy Dr. D. F. Weinland, mth a 

tht objects of a geological and natural hUtory aurvey. Si pp. 1860. Re- 
print from the Wisconsin Reports for 185S. Out of print. 

2. Statiitici and History of the Production of Iron, by A. S. Heaitt. 47 pp. 
J860. Reprint of a paper read be/ore the American Geographical and 
Statistical Society, January 31, 1856. Out of prinf. 

S. Report of Anderson and Clark, Cotnmiaeioners on the Geology of the State, 
January 25, 1861. 8vo. S6 pp. Out qf print. 

4. Report of Hanchett and Clark, November, 1864. 8vo.8Zpp. Ota of prim. 

5. Report of E. H. Eames, on the Metalliferous Region bordering on Lake 
Superior, 1866. 8vo. 23 pages. 

6. R^Mrt of H. H. Eatnee, on tome of the northern and middle counties of 
Minnesota. 1866. 8ro. 58 pp. Out qf print. 

7. Report of Col. Charles Whittlesey on the Mineral Regions of Minnesota. 
1866. Svo. 52. pp. close type, iPith wood cuts. 

8. Report of N. C. D. Taylor <m the Copper District of Kettle river, incorpo- 
rating Mr. James Hall's estimate of the copper prospect* of that distriet, 
1866. 3. pp. 8vo. Found only in the Executive Documents. 

9 . Report of a Geological Survty of the tricinity of Belle Ptaine, Scott county, 
Minnesota. A. Winchell. ' June 17, 1811. 8vo. 16 pp. 

10. The First Annual Report on the Geological and Natural History Survey of 
Uintttsola, for the year 1873. By N. H. Winchell. 8vo. 112 pp. tcith a 
colored ffeohgical map of the state. Published in the Regents' Report for 
1872. Out of print. 

11. The Second Annual Report on the Geological and Natural History Survey 
of the StaU, for the year 1873. By N. H. Winchell and S. F. Peckham. 
Regents' Report; 148 pp. 8io.; uiith illustrations. 

12. The Third Annual Report on the Geological and Natural History Survey 
of Minnesota, for the year 1814. By N. H. Winchell. 41pp. 8vo. wttft 
two county maps. Published in the Regents' Report for 1S74. 

IS. The Fourth Annual Report on the Geological and Natural History Survey 
of Minnesota, for the year 1875. By N. H. Winchell, assisted by M. W. 
Harrington ; 162 pp. 8vo. ; urith four county maps and a number of other 
illustrations. Also published in the Regents' Report for 1875. 

li. The Fifth Annual Report on the Geological and Natural History Survey <(f 
Minnesota, for the year 1876. By N. H. Winchell; unth reports on Chem- 
istry by S. F. Peckham, Ornithology by P. L. Hatch, Entomology by Allen 
Whitman, and on Fungi by A. E. Johnson; 8vo. 248 pp.; four colored 
maps and several other illustrations. Also published in the Regents' Re- 
poH for 1876. 

IS. The Sixth Annual Report on the Geological and Natural History Survey, 
for the year 1877. By N. H. Winchell, with reports on Chemical Analyses 
by Prof. Peckham, on Omith/)logy by P. L. Hatch, on Entomology by Allen 
WhUman, andon the Geology qf Rice county by L. B. Sperry; three geo- 
logical maps and several other Ulnstrations. Also published inthe Regents' 
report for 1877. 



3vGooglc 



MISCELLANEOUS PUBLICATIONS OF THE GEOLOGICAL AND NAT- 
URAL HISTORY SURVEY OF MINNESOTA. 



1, CiKCCLAB No. I. A copij qf the law ordering the turvey, and a note 
aahing eo-operation hy citizens and others. 1872. 

2. PzAT t'oB DoMBSTic FpBi,, 1874. EdiUd hy S. F. Peekham. 

S. Report ok tse Salt Sprimo Liksb doe the State op Miniiesota. 
A history of all official transactions relating to them, and a statement of their 
mmourU and location. 187i. By N. H. Winchell. 

4. A Catolooue Of THE Plants of Minnesota; prepared in 1865 bif 
Dr. I. A, Lapham, contributed to the Geological and Natural History Survey of 
Miunesota, and published by the State Horticultural Society in 1875. 

5. CiBCULAit No. 2. Relating to Botany, and giving general directions for 
€«iUctirtg it^ormation on the flora of the State. 187S. 

6. CibouulB No. 3. Tho eslablishntent and organization of the Museum. 

im. 

7. CntcuLAit No. 4. Relating to duplicates in the Museum and exchanges. 



Dgilize^byGoOglC 



-A.DDRE9S. 



The TJNivBEBrrT of MnnraaoTA, 
MunTKAPOuB, Minx., 

December 31, 1878, 
To the President of the University: 

Dkab Sir — I have the honor to offer the Seventh AdddsI 
Report, as required by law, on the progresB of the Geolc^caltiid 
Natural History Survey of the State. 

Very respectfully, your obedient servant, 

N. H. WINCHELL. 



3vGooglc 



„Googlc 



REPORT. 



I. 

SUMMARY STATEMENT. 



Before the beginning: of the field-work for the year the Board of 
Regents took important action relating to the Geological and Nat- 
ural History Survey of the State, intended to carry out some of 
the suggestions of the last report. 

1st. The State Geologist was relieved from giving instruction 
in the University, and an assistant was appointed to discbarge those 
duties. 

3nd, The operations of the survey we^e transferred to the 
northern part of the State. 

3d. The zoological and botanical investigatioDe were ordered 
to be kept in abeyance or carried only so far as possible without 
much additional expense. 

4th. The geological survey proper was ordered to be pushed as 
rapidly as possible, with a view to substantial completion in four 
years, and the publication of a couple of volumes of a final report, 
one on the northern part of the State with the necessary mineral- 
ogy, and one on the southern with the necessary paleontology. 

6th. The annual reports on the geological work were ordered to 
be brief and synoptical, the details of the survey being reserved for 
final publicatioD in a more substantial and creditable form. 

In consequence of this action the following report is calculated 
to give but an outline of the progress of the survey during the 
year. 

Mr. C. W. Hall, late of Leipzig, who was appointed an assistant 
on the survey, conducted an independent party in the northern 
part of the State during September and October, and his prelimin- 
ary report on the same is herewith transmitted. 
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Professor Peckham's report on chemical work done tor the 
surrey, and on an expedition for assaying ores on the north shore 
of Lake Superior, is embraced in tlie following pages. 

Dr. P. L. Hatch submits an annual statement of progress in 
ornithology. 

Identifications of plants in the northern part of the State, and 
notes on the flora and forest of the same are contributed by Mr. B. 
Juni who was special botanical collector during a portion of the 
season of 1878. 

Mr. C. L. Herrick, assistant in the laboratory, is engaged on a 
systematic examination of microscopic entomostraca inhabiting 
fresh waters in Minnesota. This be baa prosecnted for more than 
a year, and he contributes to the survey the first results of bis 
work. 

The Museum report, accompanying this, shows recorded addi- 
tions to the specimens,- and increased facilities for exchanging and 
working up the material on hand. 

The survey is under obligations to President John P. Ilsley, of the 
St. Paul and Duluth U. R. and Chas. F. Hatch, Superintendent of the 
Minneapolis and St. Louis R, R., for tree transportation on those 
railroads respectively, and to McLennan and Morison of Dulath, 
Henry Mayhew, of Qraiid Marais, and N. T. Wilson and James 
Caldwell of Gtrand Porti^e, for various favors in organizing par- 
ties and transporting supplies and specimens. 
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II. 

SKETCH OF THE WORK OF THE SEASON OF 1878. 



Before entering on the field-work for the season of 187S, it was 
decided to give special attention to the economical mineral interests 
of the northern part of the State, and if necessary, to spend, the 
whole summer in risicing and examining the mineral locations and 
workings that have been began in that part of the State. This 
was published in several of the State papers. It was very soon dis- 
covered, however, that the general interest of mining in the State 
had been over-estimated, and that but very few persons were suffi- 
ciently enlisted to desire any examination, or to accompany any 
geological party to their claims; and in fact, that at the present 
time there is no actual mining being done at any place in the State. 
It was at but one point that the owner of any mineral location was 
foand at work on his claim, though at a nuntber of plcices shallow 
shafts for trial have' been sunk, and at some, a considerable deep 
excavation has been done in previous years, Stiil, the original plan 
was carried out, and all mineral locations of which any information 
conld he obtained, were examined, so far as they were embraced 
within the territory of the State, and several also in British terri- 
tory. In addition to the examination of all known mineral loca- 
tions, the geology proper of the northern part of the Stat« has been 
carefully observed along some important lines, and about forty-live 
boxes of specimens have been collected. The work consisted in a 
careful examination of the coast line of Lake Superior &om Daluthto 
Pigeon river, for geological and lithological data. This occupied the 
greater part of July and August. During September and October two 
independent parties were engaged. One ^as occupied in ascending 
some ot the streams that enter Lake Superior, beginning with those 
most easterly, and the other in a trip along the international boun- 
dary line' as far as Basswoodlake; thence to Vermilion lake; thence, 
by the Embarrass river, to the St, Louis river. Descending the 
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St. Louis to its nearest point of approach to the Mississippi river, 
this party crossed over to the Mississippi, and descended it as far as 
Little Falls, in MorrisoD connty, when floating ice and cold weather 
rendered it impossible to continue the descent by ri^er. The details 
of these explorations will be given in working np the geology aud 
and lithology of the State. Some of the salient results are given 
by Mr. Hall in his report accompanying this, and others may be 
grouped and stated as follows. 

(a) Geological Results. 

The trend, or strike, of the formatious of the northern part of 
the State, north of Lake Superior, is more nearly east and west 
than has been supposed. Hence, they cross the coast line at an 
acute angle, the later formations being toward the south, and the 
older along the international boundary line. The igneous cuprifer* 
ous series seems to overlie several formations unconformably, and to 
be inters tratified with some of the later, and especially with a red, 
shaly sandstone. 

The formations that compose the coast line, including the cupri- 
ferous rocks which are everywhere the most conspicuous, a&d tor 
many miles constitute the only visible rock, seem to be something 
as follows, in descending order. 

1. Metamorphic shtdes, sandstones and quartzyte. These are 
cut by dykes, and are interbedded with igneous rock. They prevail 
along the coast from Daluth, an undetermined distance northeast- 
ward, and are. perhaps, the formation that Sir W. £, Logan regarded 
the Quebec group, as they are associated with copper-bearing amyg- 
daloids and traps. 

2. Ferruginous and aluminous sandstones. These seem to be 
metamorphosed into a firm basaltiform red rock, as seen in the Pali- 
sades, and at other points. The sandstones may be seen at Black 
Point, interstratified with igneous rock. 

3. A quartzose conglomerate, seen at the Great Palisades and on 
Portage Bay Island — probably more properly a part of No. 3. 

1, The quartzytes and slates of Grand Port^e Bay, and east- 
ward to the termination of Pigeon Point. 

5. The jasper, flint and iron-bearing belt of Gunflint lake aud 
Yermilion lake, and of the Mesabi range. 

6. The slates and shists which the Canadian geologists particu- 
larly designate Huronian. 

7. The syenytes, granytes and other rocks that have been classed 
as Laurentian. 
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8. The igneous rocks, knowii as the Cupriferous Series. 

The particular and local details of stratigraphy and lithology 
will be given in the final report, with many interesting descriptions 
of scenic geology, A few general statements, which seem to be 
warranted by the observations of the past season, will be added 
here respecting the foregoing formations, though liable to modifi- 
cations by later examination. 

While No. 1 is in contact with the cupriferous rocks, and inter- 
bedded with them, at Duluth and many miles northeastward, 
No. 2 is in contact with them at Baptism river. No. 3 at Qrand 
Portage, and Ka 4 on Pigeon Point. The formations Nos. 2 and 
3 (or 2 only, in the absence of 3) lie probably unconformably on 
No. 4. and being generally soft compared with the others, have 
permitted the excavation of bays, such as Pigeon Bay, Wauswaug- 
oning Bay, Grand Portage Bay, Deronda Bay, Cannon-ball Bay, 
Double Bay, Horse-shoe Bay, Good Harbor Bay, and the bay at 
Black Point; the points projecting eastwardly being the igneous 
dikes or overflows, or the harder parts of No. 4. West of Black 
Point the coast line is mainly on the strike of the lower parts of 
No. 1; and so to about Little Marais, where it begins to aticend in 
the beds of No. 1 to Baptism river, where the order is reversed by 
an outburst of the underlying Nos. 2 and 3 for a short distance, the 
hill-ranges inland here also approaching the coast. Still further 
west the coast is wholly occupied by No, 1, apparently with a zig- 
zag crossing of the strike as the line of upheaval brought the 
hills nearer the coast or let them recede. The points and islands 
east of Grand Portage Bay are in No. 4, or the associated igneoua 
rocks of No, 8. 

Nos. 4, 5, 6 and 7 are probably all conformably arranged in au&- 
cessioii, at least they have been so been at places, Nos, 4 and 5 are 
closely associated, and perhaps the latter is but a local phase of the 
former, while Nos. 6 and 7 are as closely related, being conformably 
interbedded and stratified. No. 5 is conformable with No. 6 in the 
iron district along the southeastern side of Vermilion lake. There 
are evidences that the cupriferous beds, i.e. the trap rock that plays 
a great part in the geology of the entire region, once extended over 
parts of No. 6, and it now lies almost everywhere over No. 4. In- 
deed the quartzyte and slates of No. 4, with the overlying sheets of 
igneous rock, are the only rocks seen m situ between Pigeon Point 
and Gunfiint lake. Along the north side of this lake No. 6 first 
appears in force on the boundary line. Where the quartzyte of 
Nos. 4 and 5 terminates, westwardly, the cupriferous series also 
terminates. It was only on some of the islands in Vermilion lake 
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that there were evidences of the former extension of the igneous 
rock over No. 6, in the second metamorphism of some of the talcose 
slates. 

The hill-ranges in the northern part of the State, north of Lake 
Superior, are, in general, mono>clinals sloping toward the S. S. E. 
and having various dip. They are uniformly (so far as yet seen) 
capped with a great thickness of the cupriferous series, and are 
composed, at different points, of strata belonging to Nos. 1, 2, 3, 
and i, but most conspicuously to No. 4. Their ranges are not 
direct aad systematic, but there seems to be a great confusion of 
short mouo-clinal uplifts, the fractures repeating themselves a 
great many times in the same formation. Thus a vast number of 
faults in the broken strata are produced, causing veins and mineral 
deposits, and furnishing a key to the mineral explorer in searching 
for valuable ores. The hills formed by these short mono-clinals 
present their perpendicular sides, formed by the breaking of the 
beds, toward the northwest, and their gradual slopes toward the 
lake. The outline of their summits, if viewed a little obliquely, is 
exactly expressed by the name that has been given them at one 
point near the shore of Lake Superior — Saw Teeth Mountains. 

The Mesabi Heights, north of Lake Superior, are composed out- 
wardly of drift materials — at least wherever they were examined — 
and the ridge seems to be a glacial moraine. It is probable that its 
position was determined, at least modified, by the prior existence 
of a rock barrier through some of its course, if not through the 
whole of it. Indeed toward the northeast, where it crosses the 
iuternatioDal boundary, the mono-clinal quartzyte hills and ranges 
are the principal features, and it is probable that the strike of the 
quartzyte formation (No. 4) which is the most enduring and at the 
same time the most conspicuous of the tilted formations above the 
Laurentian, roughly coincides with this moraine- 
There is some evidence that the location of some of the import- 
ant points of outflow of igneous matter was along the north and 
west of the coast, and not in the bed of Lake Superior. Some of 
the Canadian geologists, particularly Mr. Robert Bell, have sup- 
posed that the original volcanic crater, or escape-point of igneous 
matter, was in the valley of Lake Superior, and is now covered by 
its waters.* Whatever may be the evidence to that effect, there 
are also evidences of a movement of the trap toward Lake Superior. 
Large masses of feldspar rock, embraced in the trap, as boulders are 
embraced in the hardpan clay, have been carried from Garlton^s 
peak, or from a fange of hills south and west of it, toward the 
'Geologlcsl aurve; or Canada, Beport ol isr^i-TS. p. lOG. 
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east and southeast. These embraced pieces become smaller in 
going from their place of origin, in the same manner as fragments 
of rock acted on by the drift forces. 

In regard to the mineralogy and lithology of the Stat« north of 
Lake Superior, many interesting observations and collections have 
been made, but it would not be profitable nor possible to effect 
their elucidation till they have been studied and classiEed, and 
until full data have been gathered for their discussion, 

(h) Economic Geohgy. 

Preliminary Oeld-repart of lalnlog and lulolag localloDa. 

Of the foregoing formations, as No. 8, is known as the cupriferous 
series, or copper-bearing rocks, so No. 6 might be conveniently 
designated the auriferous, No. 5 the ferriferous, No. 4 the argentif- 
erous. The cupriferous rocks i. e. the trap, overlies uncontbrmably 
Nos. 4, 5, and €, and is interstratified with Nos. 1, 2, and 3. It 
becomes specially cupriferous in contact with N(». 1, % and 3. 
Not an instance is known of its bearing metallic copper when over- 
lying Nos. 4, 5, and 6, within the limits of Minnesota. 



This occurs in the cupriferous series in several forms, but par- 
ticularly as native metal. This has been reported for several years, 
and some systematic attempts were made in 1863 and 1864, by the 
French River Mining Company,* to carry on mining for copper at 
French river, but for some reason the working ceased in 1864, and 
has not been resumed again. Metallic copper here occurs in a 
mineral that seems to run in irregular veins and crevices in the 
trap, and consists of grayish-green, or gray massive prehnite. resem- 
bling a granular qiiartzyte. Pebbles of this mineral are frequently 
picked up on the beach, all the nay &om two miles east of Lester 
river to French river, and often show small deposits of native cop- 
per. This fact rather indicates that it iiccurs more or less in the 
trap of the region, weathering out as the trap goes to pieces. At 
this place all the surface indications and the associated minerals are 
favorable for the existence of copper in large quantities in the rock 
of the region, which extends several mites along the shore. 

There are a number of other unimportant openings for metallic 

copper. Some were made by John Mallmann near Duluth, and 

here is in heavy beds dipping n. 10° w., and has slicken-sided 

•A full account ol these operntlans may be seen In the collections ol tbe Hinnetota 
Historical Society lor leer, Cy Hon. U. M, Rice. 
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otterB near Beaver Bay, and Orand Marais. Of the latter, that of 
Johnson and Maguire is characteristic of the manner of occurrence 
of metallic copper in the trap of the region. This is situated on 
Fall river, and the working, done in the summer of 1876, is in the 
valley near the water, nwi Sec. 24, T. 61n. R. Iw. The greenstone 
seams, or thin fillings between the layers. These seams contain 
what appears to be prochorite, with stilbite and small quantities of 
calcite closely intermixed. Some of these seams are half an inch 
thick. The copper, however, does not occur in the seams or veins, 
but in the massive, hard greenstone, in thin spangling sheets, once 
or twice the thickness of paper, or even a quarter of an inch thick, 
which sometimes extend over two or three square inches, though 
in general they are smaller than thiit. 

As an ore, copper has been sought by shafting near the centre of 
Sec, 16, T. 60, K. 2w., about three miles west of the mouth of Cas- 
cade river. Here is a series of veins, or a loose network, running 
in various directions, but in the main w. 19° n. This can be seen 
on the shore, and also under the water of the lake for some distance. 
Some veins are from one to two inches wide, and others nearly six, 
the aggregate being about four feet. This is embraced in a bedded 
trap, which is frequently veined, and parts with the " heulandite" 
coatings, so named by Korwood. It crumbles, on weathering, to a 
coarse gravel of a dirty green color. It has also heematitic red 
spots on the weathered surface. ' Lumps of ore, styled "gray copper 
. ore," have been taken out of this location, indicating a vein from 
two to four inches wide, associated with much laumontite, and 
caicite and stilbite. The rock also contains what appears to be 
thomsonite. The sli^t that has been sunk was filled with water 
when visited, and no examination below about ten feet, could be 
made. Simitar veins carrying "gray copper," cross Pigeon Point 
peninsula, and appear on some of the islands south of the mainland. 
These are owned by James Caldwell and others, and but very little 
examination has been made, calculated to test their value. 



The great argentiferous formation, or gray quartzyte {No. 4), 
enters the State from the British Possessions with a width, along 
the boundary line, extending from the Lake Superior shore to the 
west end of tiunflint lake. There have been a great many mining 
locations made in the area of this belt of rock, the greater number 
by far being for silver. The silver occurs in veins, or leads, gener- 
ally of quartz with varying quantities of caicite, Suorite and barite. 
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In Bome of these veins ia a curious gangue-rock of brecciated 
quartzyte firmly cemented by the minerals that accompany the 
vein; and in this case the veins are themselves largely made of 
this breccia, and differ less in outward characters from the qnart- 
zjrte formation in which they occur. They are sometimes twenty 
or more feet in width. These veins, or leads, of mineral-bearing 
quartz occur when the formation has been fractured; and as the 
whole country consists of a succession of sharp mono-clinals in 
this rock, the veins are found to lie alongside of the broken off 
layers, following the faults that now are in the valleys. Hence 
• they are frequently overlooked, being hid by the fallen debris or by 
the scanty foreign drift. Occasionally a fault is apparent in higher 
levels, and such veins have been first discovered and "claimed." In 
general they have an east-and-west course, except when some irreg- 
ularity of direction accompanied the uplift. The silver of these 
veins is in the form of argentiferous galenite and as native silver, 
and some very rich deposits have been discovered. 

In Minnesota, less mining has been done in this formation than 
in British territory, not because of less favorable indications, but 
because of the greater ease in making permanent claims and secu- 
ring titles to land nnder Canadian laws than under those of the 
United States. 

In the following account, some of the principal mining locations 
visited the past season are mentioned. There are a, great many 
other veins, and also some other mining works, that the writer has 
not seen, because they are less accessible, or were unknown at the 
time the field-work was going on, and the plan for the time being 
did not admit of visiting them. 

A wide vein of calcite and quartz, the latter being sometimes 
amethystine, occurs on the swi Sec. 32, T. 64, R. 7e. This location 
is now owned by Caldwell, Dunn, Lightbody, Farrel & Wakelin. 
The vein runs N. & S., and in 1874 was worked by A. A. Parker, 
who made several shallow openings, (6 to 10 feet) on it. It under- 
lies toward the west superficially, and passes between joints in the 
quartzyte (which in spots is argillacious and slaty) having a vridth 
varying from one to five feet. It also embraces pieces of quartzyte. 
This vein is said to carry ai^entiferons galena, but very little conld 
be seen in the pieces thrown out. The working, however, has not 
been adequate to properly test the character of the vein. 

West of the foregoing about twenty rods, is another vein show- 
ing about a foot wide, thought to be a branch irom the former. In 
this vein, on which no working has been done, croppings show 
heavy spar, calcite, carbonate of copper, and amethystine quartz, 
the balk being heavy spar; runs N. 20» W. 
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About aa equal distance east of the main (N. and S.) vein, is 
another vein, which shows about eight inches in width near the 
water level, but becomes indistinct, with included black quartzyte, 
and widens to two or three feet a rod or two from the coast. It 
sometimes appears wholly involved or lost in the formation, without 
caicite. This has not been worked, and is owned by the same 
parties. These three are thought to be parts of the same vein^ and 
they probably are. Their direction is not in harmony with the 
direction of most of the veins examined further from Lake Superior, 
being rather transverse to the prevailing direction of the system of. 
faults so conspicuous in the quartzyte, than coincident with it. 

The last vein mentioned above seems to pass nnder the water 
southward, and to reappear on the south side of Susie Island, 
where several similar veins, five in number, can be seen, running in 
about the^ame direction. The most of these show no spar, but 
generally only a dark gangue-rock resembling a basaltic quartzyte, 
or a quartz breccia. That, however, which is supposed to be a 
continuation of another &om the main land is three feet wide, and. 
shows heavy spar near the water, and contains copper ore in the 
form of bornite and chalcopyrite, and also (argentiferous) galena. 

About i mile west of the last is a fine spar vein running in the 
direction of the island, nearly east and west, visible under the 
water near the shore eight inch^ wide and extending about 25 feet. 
It pinches out in both directions. 

Baker and Kindred's location on Pigeon Point is about three- 
quarters of a mile east of th e point that encloses Clark's bay, near 
the south shore of the peninsula. Here a shaft was sunk in the 
winter of 1877-8 by Mr. McPherson for the owners, but on strik- 
ing water in about twenty feet, and being without facilities for 
pumping, the work was not then prosecuted further, and has not 
been resumed since. The shaft was sunk where two lai^ veins 
cross each other, one of these veins (a) is 9 to 10 feet wide, runs 
east 15° south and the other (b) is 5 feet wide and runs south 10° 
east. Vein (a) is discontinued at the shaft, or continues a few feet 
as a closely jointed irofty rock which was probably once charged 
with pyrites, and then is lost in the country rock; but a natural 
trench marks its course for several rods further west. It may 
reappear further on. but though the surface had been lately burned 
over, consuming even the vegetable mold of which the soil princi- 
pally consists, no spar could be seen. The shaft principally dis- 
closes this vein, but is located a little too fiir east to show the con- 
tents of vein (b). The minerals thrown out are caicite, barite and 
amethyst, with the ores pyrite, sphalerite, galenite and chalcopyrite. 
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These are visible. Others might be seen on having more favorable 
opportunities. No ore of any kind li^ about the ahaft, but small 
crystals and masses of these ores are scattered in the spar. There 
is also considerable pyrite and chalcopyrite connected Trith the 
lenticular masses, or "horses," of compact, hard, geenish rock that 
are enclosed in the spar. Vein (b) can be traced by the protrud- 
ing spar (barite) a few rods beyond the shaft, but then is lost to 
sight. The spar of vein (b) is more firm than that of (a), and 
more siliceous. It also embraces a different rock iu irregular 
maases. There is a similar trench extending beyond the shaft in 
the direction of this vein, and even across the axis of the peninsula, 
though this is interrupted. Two similar heavy spar veins appear 
on the coast on the opposite side of the peninsula in Pigeon bay, 
which are without much doubt in the extension of these veins, 
though their direction is not exactly the same. 

The tests that have been made of these heavy spar veins have 
been insufficient, and especially so by the fact that the shaft souk 
by the owners did not open vein (b) at all. 

The White Hose vein, known also as the Kindred vein, is about 
li miles north of the international boundary, at the east end of 
the first lake west of Mountain lake. On this have been sunk 
several shafts. Kindred's shaft is 87 feet deep, and the gangue 
minerals are calcite and quartz, the greater portion being calcite. 
These are mixed in irregular small veins and meshes through the 
quwtzyte and slate of the country; the "vein" consisting of a 
hrecciated and re-cemented fracture through the formation, and 
the cement being the minerals above, accompanied by galeuite, 
native silver and pyrite. There is also in the calcite alongside of 
the blacker parts of the slate a copper-colored mineral in small 
hexagonal plates. It is brittle, and is said to fuse easily to a brittle 
globule. The best assay from this shait is said to have got 11,100 
per ton, but the ore has not been assayed by the survey. 

Baker's shaft, which is on the same lead, about half a mile fur- 
ther west, is 26 feet deep. The vein here is conspicdously exposed 
on the face of a low bluff, facing SW. and is about 9 feet wide, with 
a " pay streak" increasing from six inches at the top to about 2i-ft. 
at the bottom. The shaft goes pari;ly in the slate, and then crosses 
the vein, which " hades" to the northeast. There is trap on the 
north side and slate on the south side, and trap rock is somewhat 
mixed with the vein also. The same minerals appear here as 
already named for the Kindred shaft. The best assay is said to have 
given $272 per ton; £16.60 per ton being got from poor cfuartz on 
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the north side of the vein, in which no ore could be seen with the 
nuked eye. 

The vein itself goes generally along the line of contact of slate 
(south aide) with trap, but sometimes is wholly within the slate, 
and sometimes pMly within the trap. The fracture, which seems 
to haye been of the date of some subsequent igneous upheaval (as 
shown by the veined condition of the trap of the country), branched 
off, and also went somewhat zigzag in some places. It crosses 
Arrow lake, and can be seen on the other side as a conspicuous 
white belt on the bluffs, on that side crossing the slate and trap. 
In some places it is mostly of quartz, and there stands out above 
the surface- 
On this vein are different parties located somewhat in the follow- 
ing order viz: 

(a) West of the Kindred Brotheis^ location. 

1. J. H. Baker, associated with Munger, Swan and others, 

2. An eastern company. 

3. Stewart, Sabin, Graves, Herman, Markell, Burg, Lightbody 
and Caldwell. 

4. Geo, G. Stone & Co., Johnson, McKinley & McGuira, 

Dr. Smith and Egan are also interested in some of these 

locations. 

(b) East of the Kindred Brothers' Location. 
1. Hamilton, Sabin. 

3. Dr. Stewart, McPherson. 

3. Markell. 

4. Col. Graves, Van Brunt. 
6. Lightbody. 

6. Caldwell. 

William P. Spalding has a mining location on the south side 
of lake Miranda, which is a narrow long lake next north of lake 
*Fanny, and on Sec 5, T. 64, 2 £. This vein is strong, but not 
well defined. His work consists of several shallow pits for the 
purpose of ascertaining more definitely the position, direction and 
dip of the vein. What can be seen of it consists largely of breccia 
of trap, or of quartzyte recemented with qaartz, in small, often 
drusy crystals. It is six or eight feet wide, and occurs, like others, 
along the north side of a quartzyte mono-clinal, and is largely hid 
by the talus materials. Mr. Spalding says he has taken out several 
pieces of native silver, but none was seen in the fragments thrown 
out. 

On the other slope of this mono-clinal, south of the above, is 
another fatckure, which seems likewise to have taken the nature of 
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a vein. Some working on this slope disclosed the existence of the 
fracture, and large float pieces of vein material indicate the contents, 
hat the work had not gone fur enough to precisely define its loca- 
tion and extnnt. 

Mr. Spalding's "Ancient Diggings," so-called, consist of a series 
of depressions running along the supposed position of the first vein 
abore mentioned, so as to make in some places a continuons trench. 
In some parts there- are two rtdgea, with an irregular depression 
between them somewhat semi-lunar so that it unites again with 
the main depression. One of these ridges, that nearest lake 
Minmda, consists of clay and angular pieces of quartzyte; like 
talus debris, largely decomposed, but the other is of angular blocks, 
and Mr. Spalding says contains vein material, as if thrown out of 
the depression in excavating on the vein. These depressions show 
Bome openings within, between large boulders, and nearly large 
enooeh to admit a man, and after clearing out a little one was fol- 
lowed downward some feet. As yet no ancient hammers or imple- 
ments of any kind have been found in the vicinity. 

As to the cause of the depressions and parallel ridges, there may 
be three difiFerent explanations. Sufficient data are not at hand for 
affirming either. 

First. They may be due to ancient mining, as supposed by the 
owner, though the noa-discovery of hammers is necessary for the 
demonstration of this hypothesis. It is also true that the ancient 
mining hitherto discovered in the Lake Superior regions has been 
wholly for native copper, of which implements have been found 
in ancient works as tar south as the state of Georgia, bat so far as 
known, no silver implements have been found having so old a date; 
and the ancients seem to have had no knowledge of any process for 
reducing the ores, the silver in this formation occotriog mainly as 
argentiferous galena. 

Second — The depressions maybe due to the solution and removal 
of the contents of a large vein under natural processes, and the 
consequent settling of the surface. When two depressions run 
nearly parallel in that case, the vein may branch out and become 
double) uniting again when the depressions unite. Then, als(>, 
the npper ridge, nesred the bluff, would naturally contain 
coarser peices than that nearer the lake, which is true. Veins are 
thns dissolved sometimes, and sunken in for some distance, as the 
large baryta vein on Pigeon Point. This cause, if true, indicates a 
strong vein, and one that, with the quartz now remaining ss the sole 
matter undissolved, must be charged with solnble minerals, and 
perhaps with very valuable ores. Deep shafting alone will detei^ 
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mine it. So far as exposed, however, the quartz remaining now 
undissolved is sufficient to form a firm frame-work, capable of sup- 
porting the overlying materials so as to prevent such a collapse of 
the surface as here supposed. 

Third — These ridges may be of the nature of ice ridges or mo- 
rses. There are a great many instances of ridges thrown up by 
the ice of "lakes through alternate freezing and thawing hoth in 
Minnesota and Iowa, and sometimes such have received the name 
of "walled lakes." But aside from this, the ice of the last ice 
period may have lain for a long time prior to its final disappearing, 
in the rocky valleys of the northern part of the State, as suggested 
by Mr, John Lightbody, Its effect, along a rocky blufl, would be 
to form low, blind ridges of debris or morainic material, which 
would remain more or less distinct to the present under favorable 
conditions. In that case the coarser nature of the ridge nearer the 
bluff would be due to the fallen pieces from the bluff itself, while 
the clay of the ridge nearer the lake may have been due to drain- 
age in that direction and to the crushing action of the ice in times 
of expansion. The .level of the ice would remain nearly constant 
under the same causes which now keep the level of the water 
nearly constant. 

These considerations are here mentioned, aa there seems to be a 
tendency at other places in the northern part of the State t© attri- 
bute such phenomena to ancient miuing, perhaps without sufficient 
reason. 

John McFarland's location is on Sees. 9 and 10 T. 64 N. R. 3 E. 
He has two veins, and one place thought to be a site of ancient 
mining, in all respects similar to that of Mr. Spalding, except that 
this series of ridges and depressions is not near any lake at present, 
but alongside a bluff enclosed in a valley. If a vein should be dis- 
covered at this locality, then Mr. McFarland has three distinct veins 
situated on different sides of a mono-chinal hill, viz.: one on the 
north side, one on the south side and one on the east side, the last 
being that in which are the supposed ancient diggings. These are 
all close together, and the east and west veins are all well marked, 
running also across the adjoiaing valleys and appearing in the 
next hills. They ate outwardly of quartz andbrecciatedquartzyte, 
and occupy faults between the slate and the trap of the country. 
Mr. McFarland has done no work on his veins, but is occupied in 
farming and fur-catching. 

Johnson's working is on a vein situated, as nearly aa could be 
ascertained, on SE i. Sec. 32, T. 65, 3 E. This is also on the south 
slope of a hill, but has trap on the north side and slate on the 
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south aide, being really in a fault like the rest ; but the alate is hers, 
brought up like the south vein at Spalding's, on a line nearly par- 
allel with the upper surface of the trap. This vein shows mainly 
calcite, but has also quartz pyrite, galenite, and native silver. These 
can be seen in the dump near the shaft. There is also, as in nearly 
all the other veins seen, a large amount of brecciatedquartzyteand. 
siliceous slatp. This is here mainly on the south side of the vein, 
while the north side is in a similar manner filled with breccia of 
trap. This appears to be a strong vein, and one that promises well. 
HcFarland, Rice and Ramsey have a very conspicuous and strong . 
vein near the shore of Pine Lake, on S. E. quarter sec. 31, T. 65 N., 
R. 1 E. This has not been worked, but slightly uncovered in two 
places. It has an Irregular direction, width and appearance, large, 
white masses of calcite and quartz lying about promiscuously, ap- 
parently in place, over a width of several rods north and souUi. 
Where it has been uncovered it is also mixed with a breccia of 
qnartzyte, and has a width of ten or twelve feet. It seems to have 
trap on the north side, but it is not well exposed. A trap bluff 
rises abruptly toward the northwest, facing east and south, and the 
vein is in a lower level, having a zigzag course, governed, appar- 
ently, in direction and deflected by that upheaved trap and slate 
along its western extent, so far as it is visible; but further east it 
has a more uniform course in consonance with the general trend of 
the hills, yet this, like Spalding's second and one of McFarland's, 
is on the southward slope of the main hillside. The calcite and 
quartz, not mentioning the breccia, are the most abundant gangue- 
rock. The ores are pyrites (said to be auriferous) galenite, sphal- 
erite and chalcopyrite. These, with the exception of the galenite, 
can be made out in examining the pieces in the dump. This seems 
to be as strong and promising a vein as the White Rose, near 
Arrow Lake. 



The gray quartzyte and slate, which is particularly known as 
the silver-bearing formation, and contains the foregoing silver veins 
and mining works, graduates below into a siliceous iron-charged 
rock, which in some places furnishes a valuable iron ore in large 
quantities. The silica is often colored so as to make jasper, flint, 
chalcedony, and other parti-colored pebbles when the formation 
dbintegratea. These gave name to Guntlint Lake, on the interna 
tional boundary, the beach of which is strewn with them. There 
are also "dolomitic" bands, and these sometimes contain angular 
pieces of jasper and flint, associated with the same beds in some 
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manoer not yet made OQt. What may be the thickness of this bed 
of iron ore rocks has not been asceriiuned. They soem to be con- 
formable both with the overlying qnartzyte, and with the underly- 
ing schists and slates, but this may not generally be the case. 
There are Tarions places at which this belt of iron ore is known, 
but the most important b that known as the "Mesabi Iron Range," 
eitnated is towns 59 and 60 N. of range 14 W. The range itself 
probably extends a great many miles, maintaining its ferriferous 
character, and covers other known locations. Some working has 
been done also back of Grand Marais, and some near Vermillion 
Lake. 

The iron in towns 69 and 60, range 14, has attracted the most 
attuDtion, probably because of a costly exploration made there a 
few years since by parties from Pbttsville, Penn. The ownership 
of the locations that were examined becoming involved in litigation 
nothing practical han resulted publicly &om the examinations. The 
information obtained belongs to private parties, Bamples of this ore 
are being examined chemically by the survey. According to published 
analyses the ore varies in metallic iron from 61 to 66 per cent., being 
mainly in the form of magnetic oxide. Its chief impurity is 
silica, firom 5 to 10 per cent. It has from 2 to 3 per cent, of lime, 
and hrom a half ot 1 per cent, to li per cent, of magnesia Man- 
ganese C|xide varies from about one-half of 1 per cent, to 1.3 per 
cent. No sulphur has been detected in it, and but a trace (less 
than on&-fourth of 1 per cent.) of phosphoric acid. Alnmina varies 
from one-fourth of 1 per cent, to over one-half of 1 per cent. 

The following ia an analysis by Prof. Campbell, of the School of 
Mines, of New York: 

MngDetic oxide of iron 86.863 

Oxide of manganese 1 JI13 

SUica g.g80 

Lime 2.0*6 

HagDMia 1.299 

Alumina. .633 

Total 102.133 
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The following wu made by Prof. E. R, Taylor, of the GlerelBud 
Labor&toiy of Analytical Chemistry, Clereland, 0.: 

Inaolnble idliowna matter 4.06 

Iron u metal 65.62 

Ironprotoiide 23.34 

Snlphniic add None. 

Phosphoric ockd 18 

lime 8.15 

Ifagneaia £0 

Uanganese oxide 64 

Alumina. .••-.••. ..•• .•••.*•. .« .35 

Total 97.84 

The ore reaembles those of Scandinavia and Russia, as well as the 
magnetic ores of northern Michigan, and the geological age iff the 
same, in general terms. For making nteel these ores excel, and iron 
from the Scaadinarian furnaces is imported into England for the 
manufacture of steel. It is highly probable that these iron deposito 
will not lie long undeveloped. They are in the midst of hardwood 
timber sufficient for producing the necessary charcoal, and the sur- 
rounding country is generally fit for prosperous farming. They 
are easily accessible by the construction of roads either from Thom- 
son, Duluth or Beaver Bay. From Thomson the distance is about 
65 miles, from Duluth due north about 55 miles, and from Beaver 
Bar about 45 miles. 



The region of Vermilion Lake has been known for some years as 
ft gold-bearing region. This was fully brought out by the reports 
of H. H. Eames in 1866. At that time a flush of feverish excite- 
ment led to the expenditure of considerable money in sinkinit shafts 
and erecting works for mining. Three steam stamp milb were 
erected, another running by water power. One was owned by the 
New York Mining Company, whose location was near the "Mis- 
sion" on the south shore, another by Nobles & Company, further 
northwest, and another by Seymour & Company. The water power 
mill was owned by the Wabasha Company, and was located about 
two miles from Yermilion Lake, at Trout Lake. Eight or ten min- 
ing companies were at work simultaneously in different parts, 
mainly on the southern shores, or on islands. A town site was laid 
ont at the southern extremity of the Lake, several large buildings 
put up, and stated communication made with Duluth. The village 
was named Winston. Above the village, at Pickerel Falls, a lum- 
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ber'mill was projected, and tbe fonadatioaa laid. These things 
bare all passed away. There is not a building at Winston. Two 
of the steam boilers were hauled back to Duluth, where they ara 
still in use; the mills have been burnt, as well as most of the build- 
ings put up by the mining companies, the shafts, generally filled 
with water, are abandoned, and there is but a single white man (a 
govemment officer) to be found in the whole district. 

The gold occurs with pyrites, some of which appears to be 
cupriferous. This pyrites is found in milky white quartz which 
accompanies the joints of the rock, and also is disseminated 
through the rock itself. Tbe most of the working ^^ done on 
quartz deposits, but that of Nobles & Company embraced also a 
large amount of the rock itself. The rock of the region is of the 
Huronian age, and follows immediately below the ferriferous for- 
mation last described. It is mainly a talcose state, but varies to an 
argillaceous talcose slate and to a talcose quartzyte. It also passes 
into what may be styled provisionally a syenite. The schistose 
structure runs a little north of west, and stands almost perpendic- 
ular. Samples of this quartz ore yielded on an average about 
twenty-five dollars per ton, according to assays reported by Mr. 
Eames. Samples of the ores of this region have been collected by 
the surrey, as well as of all other mining locations mentioned, and 
in time thep will receive analysis and further report. 

THE NEEDS OF THE NORTH SHORE. 

First — During tbe season all parties connected with the survey 
have had occasion to note the frequent and wanton destruction of 
tbe native forests by fire which rages annually and destructively. 
There is nothing so utterly ruined and desolate as a coautry lately 
burnt over. Tbe soil itself, consisting very largely of vegetable 
mold, is burnt to considerable depth, or quite to the rock. Thou, 
aands of acres of the finest forest timber, including large pine 
trees, are thus destroyed every year. It is estimated that annually 
ten times as much pine is thus destroyed in the State as is cut by 
all the mills, A large part of the triangle north of Lake Superior 
has thus been devastated. Some sheltered tracts have escaped. 
The State has lost in this way more than as much pine as now 
remains, and will at no very distant day awake to the fact of hav- 
ing lost by neglect, and willful or careless destruction, one of her 
chief resources. These firfes are set generally by travelers or explor- 
ers. The Indians remonstrate, and are generally careful about 
their camp-fires in the dry season, well knowing the effect fire has 
the game that ftimishes their chief sustenance. 
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The scattered white inhabitants are too few to eSect anything in 
stopping these fires, except in the preservation of their immediate 
surroundings, and they also complain that the country is thus being 
rapidly desolated. It rests with the State Legislature to take some 
action to punish those who wantonly or carelessly set the forests 
on fire, similar to that to punish those who fire the prairies. If 
concerted action were taken by the State and the Canadian author- 
ities it would be more efTectual, since fires originate on both sides 
of the boundary line. 

Second — There should be some improved harbor on the north 
shore for refuge for vessels in time of storms, although there may 
not be commerce to demand it at any one locality. At the present 
time there is no lighted harbor for vessels between Duluth and 
Thunder Bay in Ganadiaa Territory, and between these points 
there is a great deal of travel. The establishment of a single good 
harbor would at once attract travel, trade and settlement, and 
wonld tend to the development of some of the miaeral interests 
that now lie dormant largely because so inaccessible. 

Third — There is a wrong opinion prevalent regarding the agri- 
cultural character of the northeastern part of the State. It is pro- 
nounced by some who have not seen it, as mountainous, sterile and 
nntillable. These terms apply to but a small portion of it, viz.: a 
belt from one to four miles wide along the shore of Lake Superior, 
and a tract of unknown area in the extreme northeastern corner, 
and along the boundary line westward to Vermilion Lake and tha 
west end of Hunter's Island. In these parts the rock of the coun- 
try is perhaps the most conspicuous feature. But south of the 
Mesabi range, and particularly in the St, Louis valley, the country 
is generally fiat, the streams are slow and broad, the soil a loam or 
a sandy loam, or a stony clay, and equal in all respects, except in 
being farther north, to thousands of acres that have been cleared 
and converted into valuable ferms in the states of Michigan and 
Wisconsin. When it is remembered that more than a hundred 
miles further north, in Canada, railroads, canals and settlement are 
rapidly being introduced, and that still further north and west, be- 
yond the ameliorating action of the water of Lake Superior, is 
thought to be one of the great wheat fields of the Continent, it is 
plain that there is nothing to prevent the final occupancy and de- 
velopment of northeastern Minnesota as an agricultural district. 
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III. 

FIELD REPORT OF C. W. HALL. 



Prof. N. H. Wiwhtn, State Otologist: 

Sis— In accordance witli tlie plan arraiuted bj you for the proHecutiim of the 
State Geological Survey daring' the pa«t autimm, the Laka Superior section of 
Uie geological corps reached G-raud Uaiais Augnst 30. The work of this section 
was to be the eiplomtion, bo for a> practicable, of the riven emptying into Lake 
Superior, irom the lake shore to their headwaters ; and the ascent of some of the 
more prominent peaks of tliat continuons chain of low mountains skirting the 
northeast shore. The chief obgect of this work was to trace out the rock forma- 
. tions, so far as the river beds and the blnffs would show them, and to uticolate 
the same upon those already traced along the coast of the lake daring the sum- 
mer montlu; or to indicate the direction of the latter as they extend onward 
into &e interior of ttie State. 

Ab a canoe and provisions for the expeditions to be made &om Grand Marais 
along the lake shore and into the interior had to be procured, and an Indian 
hired to serve as a packer and guide, one or two days time was consamed in 
preparation. And then, aAer all was ready, the condition of the lake prevented 
onr starting. While waiting for heavy northwest winds to snbaide the hill 
back of Grand Maiais was ascended, its hight measured and search made for 
out-crops of cock Uiat would give some clue to the litbological character of the 
elevation. In measuring the tieight accurate results were not expected, since one 
series <^ observations made with an Aneroid barometer, and extending throufjli 
a whole djv can be no more than an approximation to accuracy. The hdelit of 
the hill as determined was 775 feet Two or tiuee interesting exposures of 
igneous rocks were found, evidently as broad dikes or oyerflowa, and some water 
from a "cariboo lick" on the soutb side of tiie hill, was collected. 

After a rainy and rough passage we reached Indian River the seventh of Sep- 
tembei. An examination of this stream, which forms a part of the boundary 
between the Grand Portage Indian Reservation and the unsurveyed lands lying 
in the northwestern part of the State, was to be car first work. Tfae river is so 
tapid throughout its entire length that there is no canoeing until the lakes in 
which it has its source are reached, and thero is not even a fisherman's tmil 
along its banks. Foitnnatdy in the upper part of its coarse the stroam flows 
thiongh a more level country, intenected by numerous caribou trails; otherwise 
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it would haTe been almoBt impcMidble for the packers to hare made Qiar we^. 
Wlieu there were no traik to follow not more than Uiree or four miles conld be 
made in a day. In this heavily wooded country of the Lake Saperior region the 
dense nndet|p«wth and the wiiidfallB are much gieater obBtmddons alongr the 
lirer courses Gaa away from them. When on the heifrht of land to the «vA of 
the the river, we struck the sugar bosh of the Grand Portage Indians, and fol- 
lowed their trail along the ridge to Qrand Portage. At this place an Indian was 
hired to take the party to their late camp in hU canoe. 

A thick stratum of drift overlies nearly the whole region drained by tlie Indian 
river. Along its coarse aie many banks of that red drift clay ao fireqaently met 
with in the northeastern part of the State. 

The next expedition was up the small stream, called by Dr. Norwood in 
Owens' report, Flute Reed river. Being nearly out of provisions one of the, 
men, a half-breed Indian named Antoine, was sent to Grand Marais for fresh 
snpplieB, while the remaining two made a two days' trip up the river. The pro- 
gress made here was quite satisfactory since the timber for nearly the wbole 
distance traveled had been burned only two seasons before. Antoine was taken 
sick at Grand Harais and was unable to return. As Hr. Hayhew sent another 
in his stead but little loss ot time was occasioned thereby. 

A creek emptpng into the lake in the S. G. ^ Sec. 2, T. 61, R. 2, E. 4th Mer. 
shows some very beautifiil features. The gorge which the water has worn 
through the jointed shaly rock is one of the grandest of the many grand works 
of nature betweoi Dalutb and Pigeon Point. Its depth often exceeds one hun- 
dred feet and the walls are occasionally so near — in two or three places Irom 
four to eight feet — that ftillen trees form foot bridges from one side of the 
stream to the other. Several domes seventy-five or eighty feet high are worn in 
the walls. The bottom of the gorge is dark and gloomy for the sunlight never 
enters except here and there in straggling rays. Toward the headwaters of this 
stream and overlooking a beautiful lake is the sugar bush of Timote Sunamo. 
At a distance it looked as if outcrops of rock could be found there. A day was 
spent in making an excursion to the place. The summit ot the hill by the old 
sngarcamp was 1,S40 feet above Lake Superior. No rock was found except 
drift iMuldeiB and these occurred to the very summit. 

Kimball's creek came next in order for examination. Owing to the character 
of the rock — it was identical wil^ that found along the stream last visited — and 
the shortness and smallness of the stream, only one day was devoted to the 

Thus having made a hasl^ examination of nearly all the streams from Pigeon 
Point to the Brule river we started for Grand Marais that we might there make 
preparations for the ascent and examination of that stream. This would necee- 
sitato an expedition of at least four week's duration into the interior. But a 
severe storm, which made the tnp to Grand Marais in our canoe a somewhat 
daogerons one, continued with drenching lains for more than a week. When 
the weather was again foir, not only had much valuable time passed by, but 
the river was rushing down to the lake in a torrent and the swamps were fuU 
ud almost impaasable. Accordingly it was thought best to abandon the idea of 
ascending the Brule the present season, and, instead, examine some of the 
smaller, shorter streams and a country freer from swamps. Rosebush river, a 
. small stream in whose bed, one and one-half miles from the lake shore, is an 
abandoned copper mine* receceived a second visit, the first having been made in 

"•XWs mine lies In tlie N. E. <4 otLN. W. U, Sea. M, T. el. B. 1 W. 
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the anminer by the State Geologist and his party accompanied by Proferaor 
Peckham and Hr. E. Mayhew. 

Good Harbor Bay aUo received a call. This is one of the most interesting 
localitieB for the student of geoloRy that the whole Northwest shore affords. 
Around the point to the west of the bay occur the beautiful thomsonites thickly 
studdihg the opper strata of a bed of apparent^ igneous rock ; while along the 
shore of the bay a bed one hundred or more teet in thickness of nearly horizontal 
sandstone hes sandwiched in between the thomsouite-bearing rock just men- 
tioned and another igneous rock underneath. Many minerals occur in the sev- 
eral beds for the most part in a concretionary form. The distance of this localit; 
from Grand Marvis is only five or six miles. 

The last expedition made irom Grand Marais dunng the season was for an 
examination of the shore line some miles to the eastward of that place and the 
aacent of the Devil's Track River to the head of Devil's Lake. As a preliminaiy 
step our canvas canoe and a supply of provisions were packed into the interior to 
a point on the river about two miles below the foot of the lake. We started 
trom Grand Marais on the eighteenth of October. Although the results attained 
alonft the coast were all that could be dasiied the expedition as a whole was not 
entirely Batisfactory. The water in the river was so high that the ascent could 
be made only by following along the summit of the bluffs. On Devil's Lake 
our canvas canoe was used for the fiiat time. It was found harder to ion and al 
the same time not so swift as a birch bark canoe. But the fact that it is lig 
and can be folded and packed through almost any part of the forest renders 
peculiarly adapted to our work. The canoe we had was hastily made and deUv- 
ered to ua in a very unsatisfactory condition, and mnch time and labor were n 
quired t« make it in the least serviceable ; still that is no argument against a 
light, strong and ivell made canoe. Havmg finished onr work on the morning 
of Friday, Ihe twenty-filth day of Octotier, in the midst of a blinding snow 
storm, we struck camp and started foi Grand Marais. We had gone scarce^ 
more than two miles before we were met by a messenger sent by Mr. Mayhe# 
annoancing the glad news that on the following day the schooner Beaver Bay 
Charley would touch at Grand Mwais on her way from Grand Portage to the 
head of the lake. This word hastened our steps ; we reached the lake, placed 
everything in readmess, but the vessel never came ; only the dreary prospect lay 
before us of a voyage in an open boat over the more than one hundred miles 
stretching between us and Duluth. The task was undertaken and ended after 
five days exposure to cold and danger — lor it was the week of disasfcta on the 
lakes— by our being taken np at Beaver Bay by tbe tug Nellie Cotton and brongjit 
to Duluth, which place we reached November 2d. 

In giving this account of the work done, it cannot be out of place to mention 
the obligations of the party to the Mayhew biolheis and Mi. Howenstein, of 
Grand Marais, foifivois shown'on every occasion. Messrs. Mayhew placed a 
building at our disposal, in which to lodge whenever we were in the place, and 
all spaied no pains, and suffered no opportunity to pass by, for rendering aasist- 
ance, particulail j in giving knowledge of the country whidi was the field of our 
ezploratioQS. 

Although a whole season has now been given to the examination of the Lake 
Superior region, as yet the work is hardly tiegun. I would suggest that all the 
time possible from the limited amount at the disposal of the survey, be given to 
this part of the State. Facts mt^ be here gleaned that will have great weight 
in the determination of certain sdentdfic questions of universal interest. My con- 
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Tiotioa becomes atroniter, as the anrvey progreaaes, that the geological Btructure 
of this part of the State la more aimple than has generally been auppoacd. Many 
theories have been pronoonced without aufBdent foundation of fact, and their 
multiplici^ aerrea only to confiiae hjm who would through reading arrive at a 
a dear underatanding of the lithological and hiatorical charactere of the Lake 
Saperioc rocks. 

Eeapectfully submitted, 

C. W. HALL. 
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IV. 

ELEVATIONS ON THE MINNESOTA NORTHERN 
RAILROAD. 



fiy J. B. CLOUGH, Cbief Engineer. 



Wadena. 

Fralrle southwest of Wadena 

Bluff Creek (surtace). 

Bluff Creek (grade) 

Bluff Creek, west braneti (Burfaoe) 

Bluff Creek, west branch (krade). 

Qeneral surtaee at bead M Bluff Creek... 

Hanb.beadot Ueer Creek 

General surface, loutb line ot Deer Creek twp.. 
Tamarack Bwajiip, bead of Rock Creek... 

Tamarack Snamp, Big Spring. 

HelKht of ridiie lU mile soutb at Tam'k Swamp. 

spur of Lepf Ut 

Belghfof divide In marsb 

Leal lUver bottom , 

Leaf Biver grade , 

General snriace oi Fease Frame 

Orossing Eait Butte Creek. 

CroMlnS Bast Butte Creek grade 

Jninmirgrade (spur ol Leaf Mountain). 

Tops Of Leaf Uountalns In vicinity, estimates, . 

BouUi Butte Creek bottom 

Soutb Butte Creek grade 

Xwt Butte Lake, estlmatei 

SnnuDlI In gap 

General surface estimate 

Lake OUtheralt. at Clltberall 

West Butte Creek bottom 

Wert Butte Creek grade 

Summit, Bpur of Lear Mountain 

Valley 

Bnnunlt, n>nr of Lear Mountain 

Turtle lake surface. 

Turtle Lake gratie 

Banunlt between Turtle and Bass lakes.. . . . 

Baia Lake surface. 

Baab Lakeicrade 

Bed Blrer bottom... '.'.'.'.'.'.'.'.'."..'.'..".'.'.'"II"!! 

Bed Biver grade 

Summit 

Surface of Red Blver at Fergus Falls 

Grade at Fergus Falls 
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Line of the Pelican River Valley, 



Hetalitot landji nlle eMt Boininlt 

Finn onn^iiaPwioaQBlver 

Second aoMliiKFelleaiilUTer 

Tlurd etMHdiuPellcMi Blvei 

Vomtb eiMitwt Pellcui Hirer 

PeUoftuBlVM below dam at Pelican Rapids..... 
Pelican BlveratiOTeaam at Pelican Baplda 
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CHEMISTRY. 



Prof.N.H. Winehell: 

Mt Dear Snt: — In conformity with the inBtniddona of tbe executive commit- 
tee* of the Board of Regents, 1 have the honor to report regarding m j tnp t« Lake 

•See Appendli A. 
Superior ae follows: 

I wM instructed to advertiBe the intended action of the Board in sending m« 
there in Daluth and St. Fb,u1. Thii advertidng wa^ done, and from all that I 
could learn ail persons likely to be inaterest«d were well informed in regard to the 
matter. 

I waa also inatructed that ' 'any parties who will make affidavit that they are 
dljzens of Minnesota, and that the ores are found in Minnesota, giving the local- 
ities where the ores were found as nearly a£ possible, and certi^ing their wil- 
lingness fh^ the results may be pubUshed, shall be charged one-half the * * 
prices." 

"Payment for assays may be made in specimens of minerals or ores, at Prof. 
Packhajn's valuation." 

These inntmctions were also well advertised on the north shore, but no assays 
were offered autgect to theae conditions. No ores or minerals were thereibre 
leceived in part compensation for assay work. 

When not employed in assaying, I made collections of minerals in the neigh- 
boAood and on the coast above and below Grand Mantis. Some of these speci- 
mens are large, in fact too large for exchange, and were gathered with the expec- 
tation that you might want them for the General Museum. 

I also obtained by private purchase a quantity of zeolite pebbles, that on 
examination present some features of interest. 1 have thought that possibly you 
might desire achemical examination for the survey, and I have therefore delayed 
a thorongh examination until I could lay the matter before you. 

These specimens aie of considerable value, and I found that the only w^ in 
which I could seoore a suite for our cabinet and prevent them from going out of 
the State, was to purchase the whole lot. 

The specimens to which I have referred above as having been collected with a 
view to being placed in the General Museum have been opened, and are now 
awaiting your inspection at the AgriculEarBl Building. I trust that you vrill 
make it convenient to look them over soon, as they are getting dusty. 

An early decision in riference to the examination of the minerals purchased, 
will oblige, Very truly yours, 

S. F. PECKHAM. 
MiHKKiFOLis, Nov. llth, 1878. 
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Tlie fbUowing results haie been obtained fbr lerial niunbera 55, 56 and 57. 
Thej were all three limeatonea. They were diaaolTed in dilute hydrochloric add 
and boQed. Tb^ portion remaining insolnble wm eitdmated as "insoluble." 
Hie iron, etc., lime, magineBiuin, carbonic and Hulphuric acidi, were tiien esti- 
mated in the uaoal manner. The results.weie as follows: 





55 


56 


57 




24.21 

*7!ll 
20.76 


18.22 
1.14 
.73 
54.28 
27.48 


























99.72 


99.85 


99.21 



The -nij small percental of alkaliet amounting: to but litUe mora than a trace, 
intB not determined. 

No. 55 contained druzy carities filled with pure white granular silica, which 
would cause the insoluble portion to vaxj in different pieces. 

The insoluble portion of No. 56 contained a lacfe amount of iron in an insoln- 
blfi form. No. 67 is a very pure magrnesian limestone. 

These tturee spedmens aie the only ones that I have received in>time to com- 
l^ete th^ analysis. 



MDrKOAFOMB, Jan. 30th, 1879. 



S. F. PECKHAM. 
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VI. 

ORINTHOLOGY. 



BBPORT or DR. P. L. HATCH. 



MiNKKAFOLia, JanuBiy 23, 187(^. 
Prof. N. E. Winehell: 

Dear Sir— It is mj pleasnre to be able to report a satJB&ctoiy progreu of the 
Ornithological section of the Natural fliHtoi; Surrejrof the State during tlie year 
jiut closed. 

The dietribution ol rendent epedes of birda, the line* of those migiationB 
which most affect such distribution, and the interCBt of a;rriculture, ha7e occu- 
pied the attention of the iurvey ]aTgeI]r. Pergonal Tiaitatione of remote locali- 
ties in the best times for obserratiou and the restricted employment of local 
amateurs, have gieatlj facilitated the acoimulation of reliable data. 

Questions of protbund interest to science have multiplied, which can only be 
settled by a thiuroagh exploration of all sections of the State not yet settled for 
agricultural purposes, which it is hoped the present Tear's opportunities may 
afford new facts for their solution. The cfaaractenBtics of the different sectionB 
are so varied that each muct receive special observalitm almost simultaneously, 
which compels me to depend much upon the principal lines of rapid transit. 
The "paaxes'' on the Minneapolis, White Bear and Dnluth railroads added very 
much to my facihties durintr the past year. I think that if similar advantages 
could be E^orded over the other lines of railroads penetrating remote sections 
hitherto unexplored by the Surrey, results of surpasBinginterestmaj be attained 
during the present year. My co-laborer and invaluable assistant, Mr. C. E. 
Eerrick, has not enjoyed hia usual opportunitiee for aiding me during the last 
year wiiich I had hoped, on account of bis time l>eing absorbed in another de- 
partment of still greater importance to science. I shall permit myself to hope 
that he may be able to render greater service during the year just began. 
I am very respectMlj yonrs, 

P, L. HATCH. 
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VII. 

BOTANY. 



THE PLANTS 



The greater part of the foreet of ike north shore conuHts of ereigieena, such 
as apruce, pine and cedar. Birch ib neariy everTwhere interspersed, aud poplan 
are nearly aa common. From French River northward the trees gndaftU; de- 
crease in size. Akead; at Grand Marais the difference is qnite apparent. At 
FigeOD Point the trees seem to be but half itrowii. The same is true of altitude; 
on the ridge of Mount Joaephine there ia only a atonted growth of trees, which 
at ite foot reach the ordinarf size. This can hardlybe due alonetotite difference 
of moisture and soil. The abundance of moiaes and lichens gives to the forest 
a character peculiar te northern latitudes. There ie scarcelj a rock or tree tiiat 
is not partly or entirely covered by the different species. The ground is often 
covered by a layer nearly a foot in thickness, which conceals the angnlar ^g- 
ments of rock beneath. In many placea there is no soil except what is entangled 
in the mosses and lichens. This fact serves to make fires all the more destructive. 
They cDnsume everjthmg, t« the very rock; nothing remaina but the charred 
tmnks of trees, many of which fall at the time, while others, whose roots stm<^ 
into some deep crevice of the rock, stand a few years longer as monuments of 
the deatroctive folly of man. The next rain or wind carries away the la£t traces 
of soil, and leaves the rocks bare and cakined, Nature now sets about to cover 
again the surface by an other slow aucceasion of lichena, shrubs and trees. The 
trees in proximity to the lake, and especially on the side facing it, are drE^>ed 
with a mosa-like lichen (XJsnea longissima?). This hangs in long tuAs of about 
a foot and a half from trunk and branchea. When dty it is as combustible aa 
shavings or straw. It is by no means an unimportant article in this region. 
For packing specimens and for bedding, there is no better material. This lichen 
is found both upon live and dead trees, but more commonly upon ^me speaea 
than upon others. Tbet% are some wrong theories prevalent regarding it. It 
neither injures a live tree ner has it any preference between a live and a dead 
one, as long as the bark to which it attaches itself remains upon the tree. Its 
noorishment ia derived from the air and not from the tree upon which it lives. 
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Myriads of caterpiUoTB hare stripped the yonnfer growth of deddaous trees 
of their fbliajfe in a. number of places this season. 

SwanuE of (rrasehoppers appear to have paMed over tiiese regions, bnt thous- 
ands happened to alit(ht in the lake instead of on the land. In Graiid Pod«ee 
Bay great numbers of them were Been floating on the water stili alive and eager 
to take passage on any floating ottject. 

The resinous matter of the wood which falls into the streams, is said to impart 
to the water tiiat dark amber color peculiai to all atrtams whidi ait«r upon the 
■orth shore. 

About fifteen hnndred specimens of planta have been collected and preserred, 
which represent, perhaps, one hundred and aerenty-fiTe spedea. Mote than Uutt 
number have been identified, but it was not found ccnTenient to preeerre all sped- 
mena. The duplica^ are intended for exchange. A fiill collection of Carices, 
to which spedal attention waa given, was lost. 

In considering the resulte it should be bcone in mind Uiat no expenses to the 
State hare been incurred, which would not have been neceaaory withoat them. 
A few leisure hours were given to this work by one who did full duty in another 

Liat of Plants of the North Shore of Lake Superior. 

KAlIDKCUIJlCB« . • 

r ClematiB Yiiginlana, L. Virgin's Bower. 

Thatictrum Comuti, L. Meadow Eoe. 

Bannnculua Cymbalaria, Seaside Crowfoot. Found only at Qrand Portage. 

Ranunculus Pennsylvanicus, L. Bristly Crowfoot. 

e Caltlia palnstris, L. Marsh Marigold. 

Aqoilegia Cukadensis, £. Wild Columbine. Very beaabfid, flowering late in 

Actaeaspicata, Far. rubra, ift'cAj;. Red Banebenj. 
Nuphar advena, Smith. Yellow Water Lily. 



%mcenia ptupurea, L. IHtcher^plant. Abundant in open ounlias . 



FUUAXIACE^. 



f Corydalis aniea, WiUd. 

r Corydalis glauca, Fvrih. Burnt ridges. 



•r aignlfles tbat tbe species is rare. 

c BignlUei that tbe speotea Is common, and 

K Very common. 
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e Cardamine hiisata, L. Bitter-creea. 
AntHfl perfoliate, Lam. Tower Moetaid. Poplar Rivet. 
AndHS Dnunmoitdii, Orat/. CasQe Danger. 

Borbaiea Tnlgaria, MieKx. Putin B^. Cknmnon Wialier Creu or Yellow 
Rocket. 
Drabft arabisani, Jfiehx. Caatie Diugfflr. 

DBOBEBAOBA. 

Dnweia lotandifblia, L. Stmdrew. e. 
Drosera lon^olia, L. Little Harais. 

C AItTOPHTI.I.ACB^ . 

Stellam medio, Smith. Common Chickneed. Qrasd Portage. 
Stellaria lonfripei, Gotdie. Daluth. 
CnHBtinrm nutans, Rap. Uouse-ear Chickweed. 



Geranium CarolinianQm. L, e. 

Impatietui flilva, UuU. Spotted Touch-me-not. 

Rhus tozicodendion, L. Poiaon Ivy. 

S4PIRDACBJI. 

Acer spicatnm, Lam. Mountain Maple. Very abandant ererywhare ; grow* 
otnuUly in cIumpB, generally a mere bush. 

Acer Baccharinum, Wang. Owing to tlie scardtr of other hard wood this ia 
highly valued for hard fuel and charcoal. Conuderable quantitieg cf sugar are 
made from it, botb by Indians and whites. This tree is not once met with on the 
immediate lake shore ; it can be fband only some distance inland. In addition 
(o the above mentioned ma^ lea Acer Pennsylvaoicnm and Acer rubrum aie occa- 
sitmally found, it is said. 

LBOUHIKOSA. 

Vida Americana. Muhl. Vetch, e. 

LathyruB maritjmna. BigehiD. Beach Pea. 

QrowB in patches in coarse sand or graTcl, where no other plants thiiTC. Re- 
sembles very mnch the common field pea. Along the whole length of the shorn 
witiiin the Umita of Minneaota. it waa obaerved in only three places, viz: French 
Biyer, Two Island River and Poplar River. 

Lathyras ochroleucus. Hook. c. 
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PrunuB PenMyWanioiM. L. Wild Bed Cherry. 

Prunna Virginiana. L. Choke Cherry, v. r. 

Spir:ea opuUfoUa. L. Nine-Bark. Here, unlike further south, it shuns the 
BOil, but clintca to bare rocks, often within the sweep of the waved. 

Spinea salicifolia. L. Common Meadow Sweet. 

Agrimonia Eupatoria. L. Common Agrimony. 

Geum album. Omelin. Makes a good substitute for teaj was sometimes used 
as such on the survey of the north shore. 

Geum stiictam. Ait. c. 

Potentilla Norvegica. L. Five-Finger. 

PotentiUa fruHcosa. L. Shrubby Five-Finger. 

Common on bare, rocky shores north of Two Island River, becoming more 
abundant furtiier north. 

PotentiUa fridentata. Ait. More common and less confined to rocks than the 
last. 

Fragraia VirgTDiana, Ehrhart. c. Strawberry. 

Fragraria vesca, L. c. Very prolific. 

Eubus Nutkanus, Mocino, Whit^ Flowering Raspberry. Occurs everywhere . 
on dry soil. Its showy white blossoms are about-as large as those of the wild 
' rose. The iruit is large and looks tempting but has a peculiar add flavor which 
makes it inferior to that of the R. strigosus. 

Rnbus trifiTus, Richardeon. Dwarf Raspberry. 

Rubus strigosuB, Michx. Wild Red Raspberry, c. Especiall; abundant and 
prolific on burnt places a few years after Arcs. Both the quantiy and the qual- 
ity of the fruit is extraordinary. 

Rosa ludda, Ehrhart. Dwarf Wild Rose ( ?). 

Amelanchier Canadensis, Torr. i& Gray. Pigeon Point. 

Pyrue Americana, D. C. American Mountain Ash. c. 

The large i^mes of white blossoms in summer as well as the crimson 
fruit in autumn and winter give a pleasHst relief to the dark backgronnd of ever- 
green. The tree was in full bloom at Duluth on the SOth oC June, while on 
Pigeon River some were found in flowers nearly two months later. 

Cicuta maculata. L. Spotted Cowbane. 

Cicuta hulbifera. L. 

Sium Carsonii. Dnrartd, ined. Temperance River. 

ISALIACBA. 

Aralia hisptda. Miehx. c. Bristly Sarsaparllla. 
Aralia nudicaulis. L Wild Sarsaparilla. c. 



ComuB Canadensis, L. Dwarf Cornel. 

Comas circinata. L'Her. Bound-leaved C, 

Comus stolonifera. Miehx, c. Gray attaches the name " Einnikinnik" to 
C. sericea. This only serves to mislead beginners, and gives rise to disputes, as 
the name " Kmnikinnik" applies with equal propriety to C. stolonifera, and to 
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Arctostapliylua nva nni. The Indiana ate the inner bark of the bwo former and 
the dried teavea of the Utt«r as tobacco; hence the same oame. 
Comas altamiiblia. L. r. Fopkr River. 

CAFHIFOLIACR2. 

liniuea borealia. Gronov. So abundant that it often forma a beautiM getting 
in the moea carpets in the woods. It was in btoesom at Duluth on the 20th of 
Jnne, and on the 27th of September it was still found blooming at Qmod Kapm. 
(See Foater and Whitney.) 



HSxe Cynosbati. L. Comomn Wild Goosebeny. 

Ribee lacnatre. Pair. Agate Bay. 

Bibes prostiatnm, L'Htr. Fetid Currant. Known in [hii le^on by tbename 
of "Sknnk Beny." More prolific than the Ribe« nibnun and the berries larger, 
bnt hardly eatable on account of the unpleasant odor. 

Ribea flortdam, L. Red Currant. Little Marais. Plant and fruit like the 
red garden cnnant. Without the fruit the plant is not easily diatingniahed Ecom 
the R. proitratum. 

Pamassia palustris, L. Grand Portage Island. 

Saii&aga FeunaylTania, L. e. 

Circffia apina, L. Enchanter'a ^ightahade, e. Thia plant contains many 
taphidee. 

Epilobiumangostifolinm, Z>. Great Willow Herb. Very common, eapedallj' 
on burnt land. 

Epilobium coloratnm, MuM. c. 

Eplblnum palostre. 

(Enotiieia biennis, L. Common Evening Primrose. 

I7HBELIFRIt.«. 

Hydrocotyle ambeUata, L. Water Pennyweit. 

Sanicula Maiilandica, L. Sanide. 

Heraclenm lanattun, Viefux. t. e. 

Lonicera hirauta, Ealon. Hairy Honey SncUe, c. 

Lonicera riliata, Muhl. Fly Honey Suckle. 

Diervilla trifida, Mteneh, v. e. Bnsh Honey Suckle. Forms a large part of 
Om tinderbrush. 

Sambocoa pnbens. Michx. Red-berried Elder. 

Vibumum Opulus. L. Bosh Cranberry, e. 

Much sbinted and fewer berries in each cyme, whidi nearly leads one to take 
it for V. panciflorum. 

nuBUCEA. 



Miehx. Rough Bed-Straw. 



Oaliatn trifloram. Michx. Sweet-scented Ued-Stnw. 
Houatonia pnrpniea. L. Var. longifolia. Gooeebeny River. 
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courtjarrx. 

Enpatoriom pnrpnmim. L. Joe Pys Weed. «. 

Aster cordifoIioB. L. Little Hands. 

Alter BBgittifoliaB. Willd. Afate Ba^. 

Aster panuceoa. L. Qraud Portage Isliuid. 

Aster snuominfolias. PurtA. e. 

Alter ptaimicoidae. Torr and Orojf. 

Sqlidago bicolor. L. Golden Bod. e. 

Solidago Mohlenbergii. Torr and Grog. 

St^idago Cauadeuaia. L. 

Haliopaia Ibvu, Ptrs. Oi-Eyo. c. 

Anthemis aobilia. L. Beaver Bay. 

Senedo tomentoaiu, Miehx. Put in Ba;. 

AchiUffia MiUefoliDn), L. Common Yarow. Abundant all along tlie chore, 
fimninfc a fhnge of whjte jnst on the line between the forest treea and UievBYea. 
Was not found in other mtnationt. A few ipedmeoa with light purple flowen 

Qnaphalinm decnnens, Ive$. Evcriasting. Derond* BayandQraudFortasft 
laland. 
Senedo aureus, L. Golden Ragwort. 
Amicft mollis, Hook. 

Cirsiam lanceolatum, Scop. Common Thistle. 
Hieradum Canadenae, Michx. Hawlc Weed. c. 
Nabalus albus. Hook. White Lettoce. 
Htdgedinm floridianum, D. C. False Bine Lettace. 

LOBEI.IACEA. 

Lobelia Ealmii, L. Abundant on bare tatp shores nortii of Agate Bay. 

Campauola rotundifoUa, £. HorebelL c. 

Campanula rotundifolia, £. Var. linifolia. Pigeon PoinL 

Campanula apariaoidei, Purak. t. Harah Bell Flower. 

XBIOACX^. 

Qaylamada resinosa, Torr. A Orri/. e. Black HucklelMRy. 
Vaodnimm Oxycoccue, L. Bmall Cranbenr. 
Vacdninm nliginosum, L. Bog Billberrr. 
Cbiogenea hispidnla, Torr. A Graf. Pigeon Point. 
Aiotostaphylua nva nrsi, Spring Barberry. 

Oionnd thickly covered by it in open plaoea; Indians use the dried laares to 
mix with their tobacco for smoking and call it "Einnildiuuk." 
Gaultheria procnmbens, L. Wint«rgre«t, Palisades. 
Epigiea repens, Z<. Trailing iitutos. Minnesota Point, 
c Ledum latifolinm, A^. 
e Pyrola rotnndifblia, L. 
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e PjmU elliptica, Shin-leaf. 

Pyiola cbloiaatbs. Sicaris. French River. 

Pyrola KCQnd&, L. Var. pnmila. 

e Uonoso) unifloTA, (L. Pjrola aniflora.) 

Uonotropai nnifloia, L. Indian Pipe. Gnnd Hanie. 



Plontogo naioi, L. Common PlantHin. 

Pcimola MiBtaBfooica, Michx. Trap shores. 
e Trient&lis Americana, Pursh. Star Flower. 
Lymmaohia stricta. Ait. Split Rook River. 
Iftdmachia dliata, L. SpUt Rock River. 



orZ. Smaller Bladderwoit. Duhith. 

«CBOFRm,ABIACBA . 

e Chdone glabra, L. Taitle-head. 

Mimalm ringens, L. Monkey Flower. 

Gmtiolapilosa, Michx. Agate Bay. 

Teronica arrensia, L. Com Speedwell. Dnlatb. 

Udampymm Americaanm, Michx. Cow-wheat, c. 



HenQiA arreiuJH, L. Com Mint. Baptum Riro:. 
Ljcopna Virginicua, L. Bngje-weed. Knifis River. 

Lyoopne lilaropEeiu, L. Far.integrifolina andjrar. sinuataa. Baptdflm River. 
Bninella valgaria, L. Common Self-heal. Dulath. 

Galeopaia Tetrahit, L. Common Hemp-nettle, e. At come pkoea tlie color 
of the flower i» a ytUowiah white, while at other* it is parple. 
Fh1<miia tnberoea, L. Jeraaalem Sage. Knife River. 

BOBitAaiirACKA. 

Mertensia paniculatft, L. Lnngwort. Abundant and ahowy. 
Echinospennnm Lappola. Lehm. Stickteed. Dnlatb. 

OEKTLUTACB^l. 



Haleni* defleia, Gritsbaeh, Supurred Gentian. 
Menyanthee trifoliata, L. Backbean. e. 



FOI>TaOKACBA. 



Folfgonam dlinode, Miehx. e. 
Rnmex Acetoaella, L. Sorrel. 
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Canadensu, Muhl. Dry shOTM. 



Comandra livida, Riekardson. Bastard To&d Flax. 

tJRTIOACBjB. 

Urldca gradlis, Ail, Nettle. Agate Bay. 

Coiyltis Americana. Walt. Knife River. 

CoiyluB rostiata. Ait. ETerywhere and (contrary to FoBter and Whitney) 
fertile. In some places tbe buabea reach a height of S^een feet, with Btems 
from one fo one and a half indies in diameter. The tops bend over from the 
weight of the frnit. 

Oatrya Virginica. Willd, Hop-Hornbeam. Reported as growing on Hie 
ridg«a in the interior. 

Betula Intea. Michx, Yellow Birch. Inland. 

Betala papyracea. Ait. Paper or Canoe Birch. 

This tree is ralnable not so much for its wood as for the great variety of uses 
to which the bark can be toined. In many instances the tree reaches a height 
of seventy feet. 

Betula glanduloaa. Miehx. Dwarf Biich. Swamps. 

Betula rotundifolia. Spach. Swamps. 

AlnoB Tindia. D. C. Green Alder. Bare rocks and dry banks. 

AlnoB incana. Willd. Swamps and wet banks. 



Popnlus tremuloides. Miehc. American Aspen, c. r. 

Populos grandidenta. Miehx. Unusnally large. 

Popnlus balsamifera. Var. candidans. L. Balm of Gilead. e. 

COM'IFBBA. 

PinuB Banksiana, Lamhtrt. Scrub Pme. c. 

PinuB resinosa, Ait. Red Pine. c. 

Pinus Strohu*. L. White Pine. This is rather scaroo along the shore, hut is 
abundant a few miles inland. It sometimes forms a forest, hot is more frequently 
seen single or in clumps of a dozen or two intenpersed among the other trees. 
The decaying trunks lyingin the shade of a young growth show that the treeia 
by no means stunted in this latitude. At Knife River afallen tree wsa measured 
and found to be 125 ft. in length and Z% to 4 tl. in diameter. 

Abies nigra, Foir. Black Spruce. 
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Albie« alba, Michx. White Spruce, e. 

AJbies balsamea, Marshall. BalaamFir. c. The Canada BalsamiB obtained 
from tiie blisteis in the bark of thia tree. 

lAhx AmericoDa, Miehx. Tamarack, e. It is here found both in Bwamps and 
on dry land. 

Thaja occidentalis, L. Arbor Vit^. c. Though the trunk ia freqaently two 
feet in diameter, it tapers so rapidly that it is of httle value aa timb^. The 
tieea either standing or fallen make an almost impassable barrier totheeiplortr. 

Juniperus communis. L. Var. alpina. c. 

Toms baccata. L. Var. Canadensis. American Tew, 

ABACKA. 

Calltt palustris. L. Bogs, Duluth. 

At«Tis Calamus. L. Sweet Flag. Knife Biver, Duiuth. 

TIPHACEA. 

Spa^^aninm simples. Hudson Bajr Reed. Agate Bay. 

IIAIADACB.S. 

Potamogeton crispus. L. Pond Weed. Agate Bay. 

OBCKIDACBA. 

Habenaria obtusa. Sichardtion. c. 
Habenaria orbicuJata. Torr. c. 
Habenaria psycodea, Gray. e. 
Goodyera pubescena. S. Br. e. 
SpiiwiHieB Romaozoviana. Chamigso. 



Iris versicolor. L. Bloe Flag. 

Ssyiinchium Bermadiana. L. Blue Eyed Qra 



Streptopoa amplexifolins. D. C. IVisted Stalk. 
Clintonia borealis. Eaf. v. c. 
Bmiladna trifolia. Ker. Putin Bay. 
lilium Philadelphicum. L. Trap shorei. 

JUMCACBA. 

Jmicas alpinus, var. ingigiua. i^riti. 

Joncus Canadensis. J. Gray. Var. co-arctatua. 
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CTPERACXA. 

Eiiplumim alpinum, L. Cotton Oran. 
Cirex polytaidioides. Muhl. LitUe Uarau. 

" stipata. Muhl. Uoose Lake. 

" biipeniM. Dete. Putm Bay, 

" easetcena; mr. vitilis. L. Agste B^. 

" DaweTana. SeAio. Agate Bay. 

" lagopodioides. 5oAI:. Agate B^. 

" Btncta. Lam. Agate Bay. ^ 

" loBticulariB. Michx. Aitate Bay. 

" crinita. Lam, Putdn Bay. 

" gyiiEindra. Sehto. Aj^te Bay. 

" irrigua. Smith. Puttn Bay. 

" alpina. Sehtoartx. Temperance River. 

" livida. WiUd. Greenwood River. 

" uxtata, SooU. A^ate Bay. 

" flexilis. Budge Knife River. 

" fililornitB. L. Putin Bay. 

" laangmoea. JOchx. Common eveiywhere. 

" ripBjia. Curtis, e. 

" palndoaa. Good. e. 

" retrorsa. Schw. Moose Lake. c. 

" intameaccna. Budgt. e. 

" monile. Tueherman. Agat« Bay. 

" oli^eperma. Michx. BaptLBta River. 

7;Ta.i;a. aquatica. L. Indian Rice. Water Rice. 
CalamagTostie Canadensis. Beauv. Bine Joint. 
Poa caesia. Smith, Ueadow grasB. 

FHiiCBS. (Fenu.) 

Folypodintn vnlgare. L. (?) 

Pt^ Hqoitiiia. L. ConuoOD Brake. 

Adiantam pedatam. L, Maidenhair. 

Onoclea sensibilis. L. Senrative Fern. e. 

A nnmber of other apedea of fema were collected but not identified. 

LTCOPODUCE^. (Club Moss.) 

Ljcopodium inundatum. L. r. Palliaadea. 

Lycopodinm annotjuum. L. c. 

Lycopodinm dendroideum. Michx. Ground Pine. 

Lycopodium clavatom. L. e. 

Ljcopodium complaoatnm. L. c. 

The following ta a list of plants that either constitute the gfteater part of vege- 
tation on the comparatively bare belt of a few rods width in immediate contact 
with the water, or grow there esclumvely. The margin of the forest ia in gen- 
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Oil a well defiiked line, reachiiv, where the cmfonnatioii of the coast admits, ai 
&r down as the faigrhest naves aze thrown. The strip between this line ajid the 
lerel of the hike is exposed to winds and wares, and destitute of soil, except what 
Slteis into cracki of the rocks, or is retained in sonie andeat pot-hole. 

Campaunla rotundifolia. L. Harebell. Var. linifolia. Both common, and 
ddnsiTelj on this belt 

Potentilla tridentata. Ati, Becomes less common northward. Is mo*t 
ihondant at Ihilnth. Grows occasionallT inland. 

Pot«ntilla frncticosa. Uakes its first appeanmce at Knife RiTer; grows more 
ooDunon thence northward. Only on rocks, and moie luie inland. 

Aster granuninifoUiu. Sniie River, and northwaid- Its roots aie Gimly set 
into the cracks. 

Sohda^ bicolor. Takes the higher and moie favorable positions. 

Primula Mistassinica. Wet cavities <x pot-holes, usuallj with Jancns and 
Dioseta. Common on flat trap. 

Drosera longifolia. Same as pieoedinjt. 

Jnucua alpinns. Same as preceding. 

Diaba arabisans. On high rocks. 

Barbara vnigaiis. Sheltered and stony beach near water level at Putin Bay. 

Arahis Dnunmondii. Hifth walls at Castle Danger. 

Achillea UiUefolimu. Forms a white fringe along tlie timber line. The most 
retired, bat always in its place. 

Shamnns aluifolius. Z/'Her. BnckUiom. 

Spirffia opnlifolia. Yery common. About the only shmb on many rocky 
ihores; clings to tlie lowest and moat exposed ones, also on hi^ walls. 

Thiya ocddentalis. Not so common as inland, but maintjuns its htdd npon 
life in the most uniavorable podtions. Often the only representative of the vege- 
tshle kingdom on a lone rode in the lake, where its stem and branchea plainly 
indicate the direction oFtlie prevailing winds and waves. 

AInns Tiridis. Less thrifty thim inland. 

Idlinm Philadelphieom. Occasionally on trap. 

Iftthynu maiitimui. Gravelly or sandy beaches. 

In addition to tlie above, there are three species of Gramineas which have not 
Imn identified. These are often found on the most exposed places. 

Additiimal Species identi^ed at the University, by B. Juni. 

Aaeelia bipinnatifida. Miehar. Near campoe. 
Sraba Caniliniana. Wak. Abundant on campus. 
Alyssom calycinum. L. Around Agricnltoral College. 
IiDdinm dcat«riam. L'Htr. Agricoltnral College. 

Camelma sattva. Cranlz. Agricoltoial Coll(^. Only two spedmenefband. 
^t»9 not appear again. 
Aster mnltafltffiu. Ait. Campus, 
lychnis vespeitinft. Sibth.. Near campus. Not visdd. 
Oq'baphus nyctagineous. Sweet. Campus. 
Acerates lanuginosa. Decaisne. Near campus. 
Taimica perigrina. L. Near campus. 
tydum vulgare. Dunal. Sidewalks, E. D.; rare. 
Idnada vulgaris. Mill. Common on UniveiBity Avenue. 
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Arabia hiraata. Seop. Common on the blnfe. 

Frunut pumila. L. Kare; bloffe. 

Cardamine hiisuta. L. Brook. 

Eleocharis paluatris. B. Br. Brook. 

Sdrpna TEJidua. Vahl. Biook. 

Lathjrus palnstriH. L. Near the brook. 

Troiimon caspidatum. Pureh. Ft. Snelling to Chaska. 

Veronica Virgmica. L. White Bear. 

Terouica Americana. Sckwimtt. Brook. 

Yeronica scutellata. L. Brook. 

Agclepias ovalifolia. De^aisne. White Bear. 

Baptisia tinotoria. R. iJr. White Bear 

Scrophukna nodosa. L. Campus. 

Verbena hastata. Miehx. Campus. 

" urtidiblia. L. Campus. 

' ' atricta. Vent. CampuB . 

" bracteoaa. Michx. Campus. 
Spinea opulitbba. L. Blaffa. 
Solidaito odora. Ail. Brook. 
Stipa apartea. Trin. Campus. 
Amphicarpum. Purshii, Krunth. Campus. 



Backii. Boott. granulans. Muhl. 

teretiuBCula Good. Torreyi. Tuckerman. 

distdcha. Huds. flaccosperma. Dew. 

Tulpinoidea. Michc. (craciUima. Sehw. 

conjunta. Boott. diptalia. Willd. 

roaea. Schk. Fennsjlvanica. Lam. 

t«nella. Schk. Richardsouii. B. Br. 

Gcoparia. Schk. pubescens. Mvhl. 

tenuiSora. Wahl. miliacea. Muhl. 

stellulata. L. lanuginosa. Michx. 

TulgariB. Friet. hystricina. Willd. 

aqnatilis. Wahl. longirostris. Torr. 
aurea. Nutt. 

The sedges enumerated above have been found in the ficinity of the UniTer- 
sity. Taking into account those found on the north shove, there have been in 
all forty-six sedges identified the past summer, fuUy three-fourths of which have 
not heretofore been identified; at ieast they weK not published. This number 
by no means represents all the species of Carex in this State. The sedgea aie 
commonly not distingnished from the grasses proper. They form a large part of 
the food for cattle and wild ruminants, especially in woody districts. 
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VIIX. 

REPORT ON THE GENERAL MUSEUM. 



CaSTA.ZSISa THB OOLLECTIOSB of THB OEOLOQICAI. AHD NATtrRAi 
HIBTOBY BUEVBT POB 1878. 



By N. H. Winchell, Curator. 

■- The work in the museam has been carried on mainly in the 
laboratory of the Oeologicul Surrey. In the earlier part of the 
sammer Mr. Herrick prepared a number of thin sections of rock 
for the microscope, collected by the survey in different parts of the 
State, The excellent lathe of Mr, A. A. Julien, purchased for this 
purpose, with the accompanying apparatus, has proved eminently 
nseful, and will become still more so as the laboratory work of the 
aurvey progresses. Later in the summer plants and birds were 
added to the museum by Mr. Herrick and Mr. Juni, and the botan- 
ical collection now assumes considerable proportions. At the same 
time many memoranda of unexpected localities, and variations or 
peculiarity in species, have been preserved for use when systematic 
work on these collections shall be attempted. A few plants from 
Iowa have been obtained of Mr. Roberts, 

Further collections have been made of fossils from the Trenton 
limestone, and also from the so-called "Northwestern limestone" of 
the drift in the vicinity of Minneapolis. Mr. Herrick's ornitho- 
logical notes are reported to Dr. Hatch. 

On the return of parties from the field-work of the survey, a 
systematic examination and registration of the material gathered 
during the past six years, not previously examined and reported, 
was begun in the laboratory, and has been in progress up to the 
present time. These comprised about two hundred boxes and mis- 
eeUaneoufl packages of specimens, some of which will rei^aire 
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minate examinBtioa eai study. This is true particulsriy of the 
ciyBtalline rocks of the northern part of the State. For the pui^ 
pose of this work, and owing to the large increase of the namber 
of boxes the present year, another room in the basement of the 
UniTersity was occupied by order ot the Executive Committee, and 
was fitted with suitable Bhelving and tables for storage and conre- 
nient handling. The accompanying catalogue shows how far the 
registration has proceeded, and the general character of the speci- 
mens so &r as examined. 

At the same time the work of moanting the Megatherium, men- 
tioned in the last report, which had been temporarily restored in an 
empty case of the north room, was began, and as much time given 
to it as the various other duties of the Curator would permit. It 
will require some weeks farther time, but it will not be long now 
before it will be completely set up, and will constitute one of the 
chief attractions of the Mnseum. 

Mr. W. H. Chambers, a student in the University, has presented 
a fine specimen of Bock Sturgeon (Acipenser rubicundus. Le. S.) 
taken by him in the Mississippi, near the University, which has 
been mounted by Mr. Wm. Howling, of Minneapolis, and is on 
exhibition in the Zoological apartment of the Museum. 

From time to time specimens of minerals are presented to the 
Museum. These will be found acknowledged in the following eat- 
alogue. A circular relating to duplicates in the Museum, and to 
exchanges fbr the same, was issued in December, for distribution to 
parties desiring exchange. 
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-A.I>I*ENX)TX A.. 



The foUowing are the foil instnictions of the Executive Committee f^ven to 
Prof. Peckham, after amendment so ob not to come into conflict with the plana 
oi the State Geologist. The spedmens gathered dnring the progress of the 
examinations of Prof. Peckham, tendered to the General Mnsenm b; him in his 
leport, were subsequently otherwise disposed of by him, and have never been 
placed in the cara of the Cnrator. 

Resolved, That Prof. 8. F. Peckham be instructed t* proceed as aoon aa possi' 
Ue after the first of June nest, and by the cheapest conveyance, to Grand Fort- 
af[e, Minn., and eBtablish there an assay office, in the best accommodtUions that 
he can secure, to remain until about September laL 

He shall use such apparatus aa the University now possesses, and shall procure, 
in addition, such apparatus aa may be necessary. 

He shall assay any ores that may be brought to him, requiring in all cases 
pre-payment of the following named sums: for any nnmber of assays less than 
three (3) four dollars each; for three (3) assays for the same party and at the 
>ame time, ten dollars; for four (4) or more assays for the same party at tlK 
same time, three doUais each. 

Any parties who will make affidavit that they are citizens of the State of Min- 
nesota, and that their ores are found in Minnesota, giving the locality where the 
ores were found, as neatly as possible, and certifying their willingness that the 
results may be published, shall be chargfed one-half the above mentioned prices. 
Specimens submitted by the State Geologist, shall be assayed tree of cost to pri- 
vate parties, and a report of the same and all other assays and investigations, 
not for private parties, shall be made dixect to the State tieologist. 

Payment for assays may be made in specimens of minerals or ores at Prof. 
Peckham's valuation. 

Prof. Peckham shall advertise in the St. Pan! Pioneer Pieas and in the Dulnth 
immediately, and about May 20th, that he intends t« go to Grand Pott- 
age, and sball also procure the printing of fifty posters, which he shall cause to 
be posted in conspicuous places in Minneapolis, St. Paul and Duluth, 

On his return, he shall make a report to the President of the University, for 
' this committee, in which he shall show all receipts and disbursements made for 
the University, with any other information that he may consider of value to this 
oonunittee. 

He sball secure the services of Mr. Bowman as his assistant, at a rate not to 
exceed thirty dollars per month and his expenses. 
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The sum of two hundred dollajs, or ho much of it aa may bo n 
hereby appropriated for the use of Prof. Peckham in providiiig additjonal appa- 
ratus, and Buch miscellaneoua expenses as may be necessary. 

Bpedmeni KB:ihered in the course of these exaninatioiia, shall be placed in 
the General Museum, bat a series suitable to the Museum of Tedinology, may be 
placed there after the General Museum has been supplied. 
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Microscopic Entomostraca, 



f C. L. HERRICE, Laboratory AgfisUmt. 



Dg,l,z..byG00glC 



New Haten, Jakuabt 8, 1879. 
Frof. N. H. Witickell: 

Dear Sik: I hare examiued tbe chapter hy Mr. Henick, vbich ytm placed in 
my banda, and think it a valaoble contribution to science. It will make a veiy 
appropiiateaddition, itappeantome. tothe Minnesota State Report, becmise 
of its illuBtaratinK with well-drawn Genres and good deecriptions the life of the 
iresh water of the State. The apedea are amon^ the most interrating' of tho 
minuter animtdi of the waters, and have a wide diatribution over the globe. 
YooTB truly, 

JAMES D. DANA. 



MlNNEAPOLIB, MlMN., Jabdabt 14, 1879. 

Gen. H. H. Sibley, President of the Board of Uegenlt : 

I herewitli communicate to tlie Regenta an illustrated memoir on Uie micro- 
scopic crustaceans of fresh waters of Minnesota, as a contribution on the Natural 
History of the State, in accordance with law. This valnable paper, by Mr. C. h. 
Herrick, my laboialory assistant, has cost the Survey nothing- more than the use 
'of its rooms and apparatus, and has been submitted to the approval of Prof. J. 
D. Dana of New Haven, w^o indorses it as a valuable contribution to science. 
Is its pnblication. 

Very respectfollj, 

N. H. WINCHELL. 
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PREFACE. 

It is vitb the hope that ttie following paper may be of eervice te some who, 
like myaelf, were inteieated in the many and raried formB found in ererr stag- 
nant pool Its weU ae in tbe lakes and ponds of onr country, but who were unable 
to find any connected account of them, that it is offered to stich, as a conlxibntion 
towaid a better understanding of a little known order of the natural kingdoms. 

The lakes within a radius of ten miles of Minneapolis have iiimished ail the 
material examined, and the nippty is not exhausted by any means. It is onlf 
hoped tOiOOuthne the extent and limita of this division of animal life that it will 
be lets difficult to place the forms found &om time to time, in approximately 
their true position. 

With very f^ excepli<ms, as far as has been ascertained, no one has deroted 
■ny attention to the &eeh water £RA>tnosfraea of America, and it is neceasaiy for 
some one to act as a pioneer, to learn whether any of the forms detccibed in 
Erni^ appear here, and to discover, if possible, if there be a general dmilarity 
between theee widely separated fannce. This has been the ambition of the pres- 
ent writer; and if only an intelligent attention be directed to this field, he will 
feel abundantly repaid ibr the attempt. 

The work) consulted were Dana's ' ' Report of the Cmstaceans collected during 
the Wilkes Esploring Eipedition to the Pacific Ocean", Dr. W. Baird's " Brit- 
ish Entomoatraca," " Report of U. S. Fish Commisnon,'' papers in " Hayden's 
Survey of the Territories", and p^^jen in the American Natmalist and other peri- 
odicalB. Many thanks are due to Prof. N. H. Winchell, duector of the State 
Geological Survey, for asBistance and advice in many w^^; to Preaidtnt W. W. 
Folwell, and Dr. P. L. Hatch, for aasistance and intelligent empathy, and to 
fellow members of the "Naturalist's Club." 

That there will be found mistakes in the work is to be expected, but it is hoped 
Ihat the information will be reliable in the main. 

It is not without hesitation that, as a novice in scientific inveatJgaUon, nsjnes 
are suggested for the new species foond. but the purpose of this paper will be 
beet served by deSuiog as well as possible these forms, and submitting them to 
the teat of farther stadj) and ifin the Intore more experience and greater research 
can be brought to bear upon this domain, these preliminary notes will perhaps 
not be without their valne. The drawings were all made by the writer, in moat 
casea liom life, though some details have been introduced &om tlie works con- 
sulted, and the plate of Phyllopoda was collected &om the government reports 
and elsewhere. Clearness in outline and detail rather than beauty in execution 
was the denderatiun. 

C.L. HERRICK. 
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INTRODUCTION. 

EKTOUOeTBACA. 



The name was derived from two Greek words metuunc inwct and shell, by 
OthoF. Muller, and applied by him in his" £'i'<w4ufiMca"(i7d^) to the animab 
which hod hitherto beea all comprised in TiiniueuB' genua Monoculue, named 
from the luppoaition that they all poweased but one eye. The name '' Bronchi- 
pode»'' was also prupoeed, iind would have been appropriate enoai;h, bat HuUer 
■apposed that the branchial appendaoea which suirgeeted the ujme, were want- 
ing in Cgtherf, etc. Muller, aside from naming the group, was the first to 
arrange these animals in anything like a systematie claakification, and collected a 
great deal of interesting information. Since his time several authors have writ- 
ten upon these interesting animals in Europe, but wilh a few exceptions no sys- 
tematic work on E^tomoetraca has appeared in English. 

Dr. W. Baird published in 1850 a superb work on the Entomostraca of Great 
Britain, which is still the best thing in the English language. But since i.hiB 
woik was published, many additions have been made to our knowledge. In 
Prof. J. D. Dana's magnificent work, on the Crustacea found in the "Wilkes 
Exploring Eipedition", many new species are described, and a revised classifica- 
tion for the whole order is proposed. In this work every known genus was char- 
acterised. Since then additions of new specira have been published by various 
authors, and are scattered through the reports of various societies. Moreover, 
recent studies in Embryology have thrown new light on the clasaificstion of all 
the lower animals, and many changes are necessary, but it is not possible at this 
stage of the study to attempt a 

SirSTBMATIC ABRAKOEHBMT 

, of this order. We shall follow qnite closely Diraa's system as being most com- 

The following changes, which will not afiect essentially the nomenclature used 
must be indicated as the necessary result of modem resMidi : 

1. The Meroitomata, or King Crab group, which contains the modem genua 
Limulua (Horseshoe Crab) and the ancient Eutypleridm, etc., which was ctm- 
udered by Dana a sub-order of Entomostraca has by recent writers been regarded 
as a distmct order intermediate between the Trilobita (which Dana included 
with the sub-classes Chfn-estopoda and ErUrtmostmea in the cIubs Edriophthalmia 
or Tetradecapoda) and the Entotnoatraca. 

WriMiita now stands at the foot of the sub-kingdom, its inferiori^ in rank 
being assumed irom Uie inferiority in point of time. 

The CormoaUtmata (including Ptecilopoda or Epuioa) has been united with 
Copepoda (Cyelapacfa) thus doing away with the sub-orders in Entomostraca. 
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The PeHogtraca {mcladtnK Phlzoeephala and cimpada (baTnades) huve been 
assifnied a place amonsr the Entomoatraca trom facta learned regardiog their 
derelopmcnt. These craetaceana have been tossed from one divinon to another 
till they ought, it would seem, to find & penudoent retting place. First conaid- 
tred molluiks, tiiej have now taken their poeition among the lower cruBtaceans. 
These citatores, which are at matiuity firmly cemented to foreign bodiei, and aie 
inclosed in a hard shell'like test have, in Uieir earlier stages, forms resembling 
the "Naoplis" stage of C!/l<^ (see plate III.) and also a stage resembling the 
mature Cypris. 

It is DOW known that, as Huiley expresses it, " the barnacle is a cmstacean 
filed by its head and kicking its food intoita moutb." The attachment of t^ 
head finds a parallel in the genus Sida (see beyund), which contains animals that 
can attach themselTca at will to bodies h; a suckei'like disk on the bead, corres- 
ponding to the pedicle of the barnacles. As tiie bamades and epizoa hare not 
lem observed no furtiier mention will be made of them in this connection. 

The following table livm Huxley's Anatomy of Invertebrates will perhaps be 
neefdl for reference. 

(Articulates or) 

ABTHROFODA. 



Witliout manducatory appendages (OnathiUa) 
Trilobata. Tardigiada (?) Pentastomida(?) 



With pediform gnathites. 
Merostomata. Arachnida. Fetipatidea. 



With maxitliform gnathites. . 
Entomoatraca. Myriapoda. 

Ualacosttaca. Insecta. 

Water- breather*. Air-breather*. 

For the most part. 

He extent of the Entomostraca hag been outlined above, and tbe Malacostraea 
includes the remainder of the emstaoeans, viz: those included by Dana nnder 
PodopJuhalmia and the order Chorigtopoda of Edriopklhalmia, thus embracing 

ciabe, shrimps and all the higher crustaceans, whose body consists (almost alwaffs) 
of twenty segments (somnites) of which six constitute the head, and bear, respect- 
i'ely, the eyes, superior antennte, inferior anteanie, mandibles, and two pair of 
maiillie. Of the remaining somnites eight pertain to the thorax, and carry the 
footjaws and walking limbs, while six are atidominal and bear swimming limbs. 
These higher forms do not go through the Nauplius stage in their development, 
as do the Entomoatraca. 
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OKKER& CHARACTEBS OP ENTOUOBTSACA. 

The Crustaoeiuis of this order ftre qnite Tarioua in form, habita and internal 
structure, Thef poasesB Bpedalked jawB, but thete are never more than three 
pairs of qualitiet, while ut the higho: orders there fuce often six. 

The BomniUe of tba abdomen (that portion of the body posterior to the genital 
qnrture) are devoid of appendages. Hiou^ the study of Uiese animals is veiy 
fitecinatinff and instractive the task is a difficult one, both on account of the 
minute size of moat of them and the great difficulty of ascertaininer with 
what organs of the higher forms some of the novel instfunienta seen are 
homologoas. The curious misapprehensiouB and iuaccntaciea into which authors 
have fallen stiU further complicatee the matter. 

The descriptionB of these organs, and their functions, must be taken up under 
'he divisions of the order and treated separately. The process of reproductivn 
is particularly interesting in this group, for we have numerous instances of 
agamogenesi^and the Pectoatraea are hermaphrodites peculiarly modiBed Al- 
ternate generation will be spoken of more particularly under ^ DaphmoiiUa. 
The species described have all been collected and compared with descriptions of 
previous autjiors, the new spedes, it is hoped, will be found safBdently well 
defined in connection with the figures given to permit of a ready identification. 

The following table of the familiesof the order will be useful for reference, 
while the characterB upon which they are founded, and synonyms, will be found 
in their appropriate places. 

TABULAR VIEW OF ENTOMOSTRACA. 

ORDER ENTOMOSTRACA. 

LEGION I. LOPHYROPODA. 

TBiBB I. cYCLOPOiDBA (here used as equal to Copepoda with the P(ecilopoda 
among he Corttu>slomata (or Epizoa.) 
Family I. Calanids, 
Family 2. Cyclopidce. 

Family 3. Coryciudffi. 



DAvaviowx. (Cladocera.) 



Family 1. Penilid^e. 

Family 2. Daphnidce. 

Family 3. BosminidK. 

Family 4. Polyphemid«e. 

TRIBB III, CYPKID*. 

Family 1. Cypridte. 

Sub-famili/ a. Cyprinse. (Cypridee Bd.) 
Sub-family b. Cythrine. (Cythridie Bd.) 
Family 2. Halocypridte. 
Sub-fami!y a. Cypridininee. (Cypridinadce 
Sub-family b. Ualocyprinie. 
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LEGION 11. PHTLLOPODA. 

i 

I TBIBB I. AKTBMIOIDB*. 

I 

Family 1. Artemiadn. (Bcanchipodidte.) 
Family 2. Nebaliodx. 

I TSIBE II. APODIDA. 

Faoiilj 1. ApoditUe. 

rniBK III. LIMNADIOIDf.. 

Family 1. Linmadidie. 

' Note — OQier gcMn hare been added to those given bj Dtma, and chaugei 

made. Thefiumly Ertheriads seems, bowerer, to^ equivalentto Linmadidn. 

LEGION I. LOPHTROPODA. 

BibUoffrapky.—LopiijroyA, Latreilh, Cur. Refcne An., 16T7i 

Lophyropoda (in part), Ltach, Diet. Sd. Nat, XIV., 554. 
Gray, Cat. Brit Crust. Brit Mus., 1850, 



' Baird Brit, Entomoat., II 



Cranchiopodee franges (in part), Lamark, Hist. Ans. Vert. 
Charaeteri. — Feet normal and not greatly motttpUed in number. 

..:;« I. CYCLOPOIDZA. 

Bibliography. — Cardnoida (in part), LoitreUU. 

Copepodea, Bduardf, Cnut., iii., 411. 

Copepoda, Bairi, Trans. Berw. Club, ii., 1875. 

Baird, Brit. Entomost, 182. 

Cophyropoda, BurmaaUr, Oiganiz. ofTrilobit«a. 

Copcpodita, Gray, Cat Brit. Crust. Brit. Mus., 1850. 

Cnutacea copepoda (Cyclopacea), Dana, Bnx. Ardes. Acad. Sd. 
:^-.d Art, 1847. 

Cydopoidea, Dana, Bep. Wilkes' Exp. Ek., p. 1020. 
Charaeleri. — Body elongate, straight, never incurred. Cephalothorax and 

abdomen with few joints. Feet and jaws 16 to 18. The 6-10 

posterior Quiiadc ieet are douUe, fbliacecos, with the last often 

prehensile. 

This is a very extensive and widely distributed division, and there is a greater 
onity of plan seen in the ttnictiim of the animala comprised in it than in other 
divisions of similar importance. These creatures ate distributed over the world, 
in both fieah and salt water, and the numbers may donbtless be reckoned by 
thousands, but little attention has been devoted to the sulg'ect, and our knowl- 
edge ii quite meagre. 
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The CyclopoideA ara ooiuidered the hi^e»t frrodp in the order, approadiiiiff 
Um Hacronnl Cnutaceaiu. The body ia not oovered by a amp«oe, aa in the 
following tnbea, and the abdomen is extended in the sane line aa the body, and 
not iucarred at in Dapbnioidea, etc. The abdomen ie tenuiuated bj two ityletB 
which bear aereial mta. If the Epiioa an to be admitted into tJua tribe, cntain 
modificataoni would be necessary, which we need not diacasa. 

The c^halotiiorax in composed of from Four to seren segmenta. In tliose spe- 
ciea hafinK four Hefnnenta, the first bean the first and second antenne, mandi- 
bles, maidllie, maxillipods, first feet and one ptur of natatorial feet, while the 
following three cany the remaining pain of natatores, 

Eyes ofthe three kinds: 1. A pair of simple interna] eye^ with spherical lenses, 
which are the ordinary kind. These are ueually united near the fiont in a ainfije 
very small spot, thon^ they are sometjines remote. 

2. A pair in an elevation on the under side of the head between the anteniue. 
I^ ^gment is often like a piece of solid indiico. 

3. A pair of simple eyes consisting: of an internal prolate lens ritoated at the 
exlzismi^ of a Termiform maps of pigment and of a large oblate, lens-sh^Md 
camea. This kind of eye is found in the Cotycteidie. 

Anletmm. The antaDnte are of two pairs, of which the superior are organa of 
locomotion, and usually are long and powerful, In the males of many speciea 
one or both are modified to form a joint by which the female is held durisg 
coition. These modificattona are often of generic importance. 

llie secondary antenns are subjected to greater changes and serve variooa 
functions. Sometimes they are simple; in other species they have two rami. 
They are otten prehensile, and when simple the setfe at the end are movable ao 
that they assist the animal to creep on surfaces. 

Tht mouth is rituated in the posterior aspect of a low prominence beneath the 
head. 

Tkt mandibltt are variously modified. 

7Tu maxilla are one to four jointed organa. 

Tfit maxilUpedi are alwE^s simple, or if divided the branch is radimentaiy. 

Anterior pair of Ug» (or teeond maxilliptdt). Theae organs vary greatly in 
fonn, and afford meana of generic classificaiiou, and will be described under their 
appropriate heads. 

' Natatory ftet. These aie simUsr to those of other Ent(»noatnica, bearing setn 
for locomotion. There ara four pairs, and sometimes a prohenaile or abrative 
pair following. 

Tht heart ia ntuated jn the posterior part of the thorax, and the calculation 
miv be watched as the blood ^bulea circulate between the tissues; particalariy 
in some tianspaient species of Calanids these may be well traced in the thorai. 

Nervott* tifwUm. A large gai^rlion exists oves the month, and anrrounds the 
(esophagus. 

This tribe inclodes three bmiliee, aa given by Dana, but the Epizon must prab- 
ably be included also. The family Coryeaidm is oceanic, and no members have 
been found in our locality. 

FAKiLV I. Calanida. 

B^tKogn^hy.—Dana, Wilkes' Explor. Ex,, p. 1039. 

Character*. — Eyes crf\en of tvro kinds, the upper pair being simpls and minute, 
with their pigments either separate or collected into one. In 
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some apetres Qieie ia another pair beneath, wiHi joined pigments. 

MandiblM and maxillte elongate, carrying a palpus, which ia for- 

nisbed with lette. Ova Bac one. Fitat pair of antemue long, 

onappendaged; the right or ndther having a geniculating joint. 

Feet of the first pair nerer sub-prehenBile at the end, 

lie Calanidn are divided inM three Bub-fomilieB. only one of which has been 

fmmd to be represented in oar locality, however, the claaufication vriU be indi- 

<at*d. 

SuB-TAKrLT 1. C ALANINE— Abdomen of moderate length, inferior pair of 
eyes wanting. Right superior antennce of male without a genicalatJug joint. 
Secondary antenns aetigerous at the end. 

Oenus 1, Calanus, Leach. Dana. 
Genut 2. Rhincalanua, Dana. 
Oanns 3. Cetochilua, Goodtir. 
GenuB 4. Euchceta, PhiKppt. 
Genua 5. TJndina, Dana. 
SuB-FAuiLT 2. OiXHONHf*.— Abdomen linear produced, acarcely shorter 
than the cephalolhorax. Inferior eyes wanting. Maxille digitate on the interior 
mufgin. Superior ant«nnEe long, f6w-jomt«di right male antenna not geniculate 
nw movable in an angle. 

SuB-fAUiLY 3. PoHTBLLiHA.— Abdomen of moderate length. Eyea some- 
timea of two kinds. Antenns long and, in all the genera but Aeartia, having a 
genicnloting joint. Second anbinnfe aetie-bearing at the end. Posterior feet of 
tlie male thick; the right prehensile. 

Genua 1. Diaptomus, Weslicood. 

Genua 2. Hemicalanua, Dana. 

Genua 3. Candace, Dana. 

Genoa 4. Aeartia, Dana. 

Genua 5. Fontella, (Ponlia, Edv>ard»). 

Genua 6. Catopia. Dana, 

Genu* Dlapt«mu«, Westwood. 

Bibliography. — Monoeulns, Linntrus, Fabriciut Jurine, etc, 
Cyclops, Mailer, Desmareat, Manuel, etc 
DiaptflmuB, J.O. WeHivcod, Partington's Cycl. Nat. Hist., Ento- 
mologisf H Teit-book, 1838. 

W. Baii-d, Brit. Entomost.. p. 219. 

— J. D. Dana, Rep. Wilkes' Eipl. Ei., p, 10*5. 

' Cyclopaina, M. Edwards, 1840. 

Pkilippi, 1843. 

Baird, Zoologiat, i. 56: Trans. Berw. Clatb. 

Dana, Froc. Amer. Acad. Art and Sd. 

Omethina, TempUton, Trana. Ent. Soo., ii., 118, 1838. 
Broteaa, Loren, Eongl. ret. Akad. Hand!., 1846, p. 436. 
Characters. — The amaller ramus of the secondary antennfe six to seven jointed. 
Manllipeds scarcely less, often larger than the firat pair of feet. 
Posterior pair of feet in the male thick, the right prehensile, 
those of the female long and different from the preceding pairs. 
Ova sac one. 
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Of tile two Bpedoi here described, one ia certainly a member of thii genua, 
while the other is in many respect* more like Dann't genus Hemicahnus, whidi 
difien from Diaptomut in not haring the po«terior f<»et of Ui» female large and 
stout and the shorter branch of the secondary antenne without the numerous 
joints. The spedeB of IIemieala»ua are alw oceanic, and none were seen to hare 
ova aaca. Both our species have single ora sacs, while one is not evidently 
furnished with the plniality <^ articulationii to weoad antenne. Not having 
given a lull account of the femily, it may be well to incorporate a more 
general with the technical desoription. These animals aie usually small, 
seldom i«achiiig one-fourth of an inch, but commonly appearing aa mere 
specks in the water. The body is canoe-shaped, and divided into two 
portiona. The main portion, or cephalothorai, is usually much the longest. 
The antennee Bxe the oi^tans of locomotion, being used aa oars in the same man- 
neraathe "water-boatmim," eto., use the feet The posterior pair of feet vary 
with the sexes, as described above, the four following pairs ate swimming organs, 
while the anterior pair are modified and turned forward. 

The cephalothorax is more often seven jointed in PontelUiKB than in the Cal- 
amus but this is not a constant character. 

Diiptomus longioornls, Eerrick.* 

This speccieB is very near to D. eattor and may, indeed, be a variety of thaJ^ 
species, it differs, however, in shape and color from figares of that species, and 
the maxillss, and antenna differ considerably. Cepbalothoraz rather long, nar- 
rowly oval, six-jointed; superior antenns, rather long but the; are not carved 
as represented in Dr. Baird's Bgures of D. caator. The male right antenna has 
a geniculatdng joint at the thirteenth segment which is armed with a considerable 
carved spine ; tiie joints following are more or less enlaiged and sometimes coa- 
lesce, forming in extreme cases a monstroaity as represented in Gta\. and Nat. 
Hist. Bep. for 1676. The secondary antennie are two branched, the outer ramus 
being three-jomted and armed at the extremity with three curved spines, form- 
ing a sort of hand, the middle segment also bears a number of sette on the inner 
margin, the mbor ramus is six or seven-jowted, thongh it appears three-jointed 
at first, the middle segment being sub-divided. The head ia produced into a 
beak in front but it a much smaller than in the following. 

The maxillepedes (or first pair of feet) are of three portions, the latter two 
hearing setffi which are directed towards the head, the final division is composed 
of about six small joints each bearing a tuft of the sete. Hie remaining purs 
of feet are alike, each havmg two aetigiferoos rami. In the female the fifth pair 
of feet are prehensile and stout, those of the male are unlike, the right bting 
long and the other rudimentarr. 

This species ia very brilliantly colored, the tips of the antennas and last seg- 
ments of the abdomen are a fine bluish purple, while the body is variegated with 
red, yellow and purple. The mass of eggs is also a beautifiil red. Only one 
locality is known to contain the creatnre, though it may be alnuidant in the more 
marshy pools. In the Bep. of the Oeol. Surv. of Minn, for 1878 it was men- 
tioned and a figure given, liut erroneously called cyclops. (See plat* I.) 

*3ee D, sanguineus. Forhet in 111. State Hus. Bep. ISie. The description dlRers, ap- 
pareutly, lu ssTeral rMpeets, notably as to color, but the species Is ceru^Dljr cloaely 

allied. 
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Diaptomut pallidus, Eerrick. 

A more abundant form than the above, though leas Btrikiiyr in appearance, is 
the creatnre for which this name ia BUffgettsd. The caphalothorax is more 
elongfate and has but five segments. The snteonas are much Iodkot, conriderabl; 
exceeding' the bod; in Bome Bpcdmena. The joints of the autennce following 
the genicnlatnng joint are not united or modified, ndtber is there an appen- 
dage to the segment immediate!; preceding. The whole bod; is slender and 
graceful, reaembling Hemicalanut but the fifth pair of feet is not obsolescent. 
Hie Becondaj7 antennee were not noticed to have the multiplied intermediate 
mnts in the minor ramus, but snch ma; be the case. 

This animal abounds in the larger lakes, wad seems to prefer pure water, while 
tiie other is found in more stagnan twater. These creatures are not found infested 
b; bell animalcules and deemids as is the cyclops, probabl; liom tbeir rapid 
motions and the nature of their haunts. 

D. palltcfua ma; be atoncedisttnguished from longicomia bji^ lacking the 
brilliant coloring of the other, it being q^uite colorless, and by its smaller.size. 

2>. liwgicomia is 6-5-1000 inch in length, while the spedes in question larel; 
exceeds 40-iOOO inch. The eye in this species is also less conspicuous. (See 
plate II.) 

FAMILY II. >^y(.iopi(ln. 

Bibliography.— Dana, Rep. Wilkes' Eip. Ex., Vol. XIV. Part 2, p. 1039. 
C'l'iraclers.—'Ejea small, simple, usually with united pigments. Mandibles 
with a small or obnnlete palpus and few setfe. Ova saca one or 
two. Prunary antennffl, ottea appendaged. Both or neither of 
the male antennaB geniculate. Feet of tl-.e first p«jr more or less 
prehensile at the end. 
The prehensile character of the first pair of legs is chosen b; Dana as the chief 
characteristic of the &mil;; these organs sometimes being perfectly prehensile, 
vith a perfect monodactyle band, which never occurs in Calanidfe, These ani- 
mals often possess appendages to the first and second segments of the abdomen, 
as see plate of CanOiocamptus. 

The cepbaJotborai has little variation in structuie, having either four or five 
B^mentn. The anterior antennce are more often much shorter than the body, 
and if either of them is modified in the male, both of them have a geniculating 
point. The abdomen is five or six jointed, and ma; or not be abraptl; smaller 
Iban the cephalothoraz, which fitct forms a basis for generic distinction. 

The genua Cyclops possesses two ova sacs, while the len aining genera, so tax 
as known, have but one. This leads to the diijision of the family into the two 
leading sub-families. The third sub-famil; is founde.l by Dana upon some 
s^phirina-like species of doubtful affinities, described by H. D. S. Goodsir. 

Sub-family 1 Cydopince, Dana, 
Charactera. — Ora. sacs two. 

Genus 1. Cyclops, Muller. 
? Genua 2. Cyclopina. Claiw' 

'There are a oouslderable niiniber of genera of the following sub ■families, etc. nien- 
Itouea in Claus' "Zoologie", which are, (or the most part, not descrlhed. 8ince I 
have not been able to consult the works In wlilcb tbey me deHned, and since he seems 
not to recognize many of tho~e described by Dana, and to cUsreganl bis ctasslQcatlon. 
the deciphering of their relation and situation will not be attempted bare. 
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? Genna 3. PsarainaUii, Pkilippi, Archir. fur Natnrsietcliicte. 
? Genua 4. Idomene, Pkilippi, " " " 

? GenuB 5. Euryte, PMippi, " " " 

sEHua 1. Cyolopi. 

Bibliographjf. — (See Cydopa qundrioomis.) 

Ch/iractera. — Cephalothorax foar-jointed. Anterior antennn of the female not 

appendaiced ; of the mole both freniculate. Appendage at the 

baBe<of Hbdomen amall. Body sub- cylindrical. Feet of the first 

pair didactyle. 

The varione species of this genua are faand in inland waters the world over, 

being eseentially fresh water animale, in a few roMS only inhabitang: water a 

little brackiBh. They are among the most abundant of all the individuals of the 

order, every ataud.ng pool abounding in them; they ue also extremely variable 

both in different staffes of the same animal, in the different tesee and in different 

locabtiea. 

The yonnf stages of Cyclops have been named as distinct species, in so^ tliBfc 
the same animal has been honor^ with three or four different titles between 
birth and maturity. In our own locality many forms have been fonnd, and it is 
quite bkelj that carefal study would enable us le diatinguinh several species and 
numerous varieties, but audi is (lie extreme variability of the one known to exist 
here, that it is not now possible to draw a dividini; line between the varyioK 
forms, BO that all that is attempted is to fcive a general view of the speciee, and 
leave further definition for more minute investigation. 

Cyolops quadrfoornis, Holler. 

Bibliography, — Monocalus quadricomis, lAnncnui, Gmtlin, Scopoli, Fabrieina, 
Jvrine, Suhfr, Doitovan, Blumtnbaeh, Manuel, BariUt, Sha%D. 

Monocnlus apus, Poda. 

Le Monocle * querie fourchue, Geoffroy. 

Le Monocle 3 qnatre cornea. De Gerr. 

Cyclopa quadricorais, MutUr. Zoo!. Dan. Prod., 2416, 1776. 

Bamdhor, Lalreille, Box, Lamarek, Baird, Leach, 

Koch. 

Baird, Brit. Entomoit, p. 198. 

Cyclopa Geoffroyi, LamoatlU, British Insect*, 81. 

Cyclopa valgaris, Deamarent, M. Edieards, Leaeh. 

Baird, Trajis. Befw. Club, i., 97, (young). 

Gamer, Nat. Hist., Staffordshire. 

PediculoB a«[uaticus, Baker, Empl. for Micros., 383. 

Satyr. Baker. 

Nauplius saltatorius, Muller, Zool. Prod,, No. 2878. 

Four-horned Cyclops, Frichard, Hicroscop, Cab. 

Cyclops quadncomia of most recent writers. 
The full grown female is often of considerable size, attaining the length of .09 in. 
or more. The male is smaller, and there is every possible gradation between 
the above and small forms scarcely perceptible to the unassisted eye. 

The cephalothorai is usually regularly oval, but varies from shoit oval to 
oblong, it is composed of four segments, of which the anterior one is largest. 
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equaling or etceedinK the temuuitiK three. The guperior antennEe vary ia 
length and form. Their shape is that of a tetter a. In the male both ant«niue 
poMesa the hinRe, or geniculating Joint, which servea as e. hand for retaJnmg the 
female durinK copulation. The autennfe are about twenty-six jointed, and fui- 
niahed yrith numerous sets. The secondary anteonK ate four-joiut«d, and have 
■iz sets at the end, serving as acgana of prehension. 

The mandibles are oToid bodies, terminating in short teeth, and canyinK ^ sort 
of palpus ot two fQamenta. 

'the mazillipeda' are somewhat similar bat are furnished with two toothed 



The fiist pair of feet are organs of prehension, having two rami, of which the 
■mailer, a three-joinCed organ, springs from the base of the onter or main branch. 

The basal joint of the outer ramus besides bearing the other has two pr<gec- 
tions on the mner side, the second joint is book-shaped, as is the final and small- 
eat segment which springs from it. The four following p^ia of feet are composed 
ot two rami, each consiating of three sets-t)earing joints, as see plate of Cyclops. 
There ia also a pair of appendages at the base of the first segment of the abdo- 
men. The alxlomen is sii-jointed, the final joint somewhat bifid, each side 
terminating in a caudal stylet between which ii located the anus. 

These stylets give rise to two small sette on the outer margin and four at the 
extremity. The inner pair of filaments are usually much the longest, and are 
also diHerent from the others in having a jomt near the base which gives greater 
freedom to their motions. The sette are usually liarbed tackward, and in old 
individuals are most beautifully pectinate. In canes where the moulting has been 
arrested these and the other hairs attain a curiously long growth, as illustrated 
in the plate, and the barblets become filiform appendages. 

The digestive canal begins near the front of Uie thorax and can be traced to 
the anus. The ovaries are two, and are easily seen in the body, and communicate 
with external ova sacs. After the eggs are extruded from the ovaiy into the 
poaches they are not dependent on the mother, but will come to maturity if 
tepurated from her. Theae egg9 vary in number, old individuals laying upwards 
of forty. It is calculated that in one year a single female would have becoii.e 
the projenitor of 4,442,189.120 young so that the abundance in which they occur, 
notwithstanding the ravages of the Hydra, and other enemies, is not itnu^re. 
A single copulation fertilizes the female for life, as in the case of the Af^ides. 
The eggs, as they are hatched, descend from the ovaty covered by a transparent 
pellicle in which they remain from two to ten days. The growth of the young 
is illustrated in the plate, the operation occupying about twenty or thirty days. 
The Cyclops mouito a number to times during Its life, and I as the power of 
replacing lost parts, they are also vecy tenacious of life, otten reviving after being 
frozen ior a long time in the mud and water, which form their hiding places. 
The cyclop.^ is probably both camiverous and a vegetable feeder. 
Plate III. represents the usual form, the figures showing the different stages 
aie copied from Dr. Baird's Entomostraca. Plate IV. gives one of the varieties 
collected here which may be worthy of a specific naroei the greatly exaggerated 
caudal filaments and general hairiness ia, however, only an age- modification, the 

color of this variety is dark, while the eggs in the sacs are pellucid. Another 

variety is oblong in shape and lighter in color, while the egg sacs are opaque. 

Still other varieties are smaller, and vary from bright red to green in color, hav- ' 

ing the egg sacs diverging from the abdomen. Ther« seem to be intermediate 

forms and it is best to avrait iurther study before separating these varieties. 

(SeePUtesIII.andlV.) 
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SUB-FAMILY 2. HARFACTTCIK.K. 

Charaetere. — Ertemal ovary onlj one. 

* Cephalothorax 4-joiiited. 
Oenus 1. Caotiiocamptus, Wettivood. 
lienuB 2. HarpEtcticuB, Edtrardt. 
Genua 3. Westw«odia, Dana. 
Geniu 4. Alteuths, Baird. 
Genus 5. Metis, Philippi. 
Geuus 6. Clytemnwtra, Dana. 
Genvba 7. Setello, Dana. 

•• Cephalotbomx 5-jomted. 
Genus 8. I^ophon, Philippi. 
Genus 9. Oncea, Philippi, 
Genus ]0. .Enippe, Philippi. 
Genus 11. ldy&, Philippi. 

Genus 1. CMthooimptua. 

Bibliography. — Monoculas, lAnnmus, Fahricius, Jurine, etc. 
Cyclops, Mailer, Bamdokr, Latreille, etc. 
Cjclopsiua (part), M. Edicards. 
CanthocamptuB, Westteood, Partjngton's Cjclop. Nat. Hist. art. 

Cyclops; Entomologist's test-book, 115. 
Canthocarpus, Baird, Trans. Berw, Nat. Club. 
Haxpsctlcus (part) Dana, Pioc. Amer. Acad. Arts and Sci., 1847. 
Nauphiliua, Philippi, Aon. Mag. Nat. Hist., 1840; Wiesm. 

Archer, 1343. 
Characters, — Body scarcely flattened, generally linear or narrow. Feet of the 
first pair (second jaw feet of Baird] more often small; those of 
the second pair witb two rami, rami three jointed. Antennas of 
the female with an appendage at the end of the fourth joint, 
those of the male both with a geniculating; joint. Appendix to 
base of the abdomen small. Generally no sudden transition from 
the segments of the thorax to those of the abdomen. 

Csnthooimptui minutus. Bd, 

Baiiography.—Cjdopii mbutus, MulUr, Zool, Dan. Prod., No. 2409. m6; 
Entomostraca, 101, 1. 17, f. 1-7. 
Samdohr, Beyt. zur Natoig., 10-18, t. 3, f. l-'J. 



Lamarck, Hist. Aus. Vert., V. 189. 

Baird, Trans. Berw. Nat. Club, i. 97, 62, f. 1,19,20, etc. 

Monoculus. Gmetin, Linn. Sgot. Nat, Edit. 13th, i. 2997, No. 11. 

Fabricius, Ent. Syst., ii. 499, No. 45. 

Mamtil, Encyc. mith., Tii., 719, t. 267. 

MonOL.nius staphylinus, ./urine. Hist. Nat. Monoc., 74 -&1. 
Cyclops Dttmarest, Cons. Gen. Crust. 363, t, W. 

Baird, Trans. Berw. Nat. Club, iy07. 
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SmaU Cyclops or Vwjltei", Prichard, Mec. Cab., t. 9, f. 7. 
AiDjrone takjca. andBaecha, Muller, Entomost, 42 1. 2 (young). 
Der Satyr, Kohltrs. 

Prichard. 

Cyclopnna staph; linus, M. Edwird*. Hiat. Nat. Cnut., iii. 428. 

cWthocarpUB Baird, Tnua Bew. Clnb, iL, 154. 

Nauphilina miuntos, Philippi, Weigm. ajid Ecichii, Ai. 1843, 69. 
DoriB miDala, Koch, Dentsch, Crust., li. XXXY. t. 3, 1841. 

Vart«ty oooldantalit. Henick.* 

Deteription, ete.—Tiaa yariety, which is the only member of the sub-family 
yet distijifcaiBhed in our locality, is so closely related to the type of the speciei as 
described by Dr. Baird that it ie with mach hemtation that it was finally co::duded 
to separate it. The description given will apply to both, with such exceptions 
aa will be pointed out- 
Bod; rather long with no obrioas distinction between the segments of thorax 
and abdomen, composed of ten sefnnents, which taper toward the tail. Cephal- 
othoiai acute in front, resembling that of species of Calanua (in which respect 
it differs from Dr. Baird'a figures of the European spedea) forming a sort of 
beak below. Viewed from the side the shape is triangular. The primary 
antennae are shorter than in Cyclops, and those of the males more altered than 
is usually the ease in that genua. In the male the; consist of seven joints, the 
fooith of which ii much enlarged. 

The antenna of the female possess eight or nine joints, and have a small pro- 
jeding appendage from the extremity of the fonrth aegment. Ths secondary 
aoteons are simple with two or three joints. 

The eye is bright red and contrasts finely with the pale yellow of the bod;. 
The mandibles are similar to those of the Cyclops. The maxilhpeds aie divided 
at Uie end into four divisions at the ezlremit; of which spring three or foar 
sebe. 

The first pair of feet (or second foot-jaws of Baird) are small, three-jointed 
organs. The final joint ia hook-like, and directed forward for the pnrpoae of 
arresting food particles and carrying them to the mouti. 

The aecond pair of feet are large and modified in form, differing from the 
natatorial feet, (they form the basis of clasEificatioii in this whole sub-family). 
Blach is composed of two three-jointed rami, of which the outer one has the 
joints nearly equal witfa Hiree setse. At the apex of the final one, the inner ramus 
baa the upper joint long, almost equalling the outer ramus. The aecond joint ia 
■horter and with the final one, which carries at the extremity three long set«, 
is serrated on the anterior margin. This ramus ia directed forward also. The 
three following pain have the rami unequal but both with three joints. 

The sexual openings are at the base of the sixth segment. In copulation the 
males seize the caudal stylets with the genicnlating joint of the pnmai; anteunn 
ud are bourn at>out rapidly b; the female. 

In moat of the females seen there was a organ attached to the vulva, it consista 
of a long flexible stalk terminated by a cylindrical or club-shaped mass, which 
ma; be dark brown, red or pellucid. 
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It was coqjecturod by M. Siebold that these wsKiunitu to the umiiud tubw 
discorered by him npon DiaptomaK. The act of copalatkon Id Di&ptomuB, as 
described bv him, is so itnuifre and improbable that it is hard to accept without 
some hesitation. He says that "the male does not aoeompliah a true coitaon but 
atta^ie* to tbe female, dnrinif copalation, a tube contaiiuuir spermatic liquor, 
litis tuba contains, beude tbe zooepenns, two substances of which one swells b; 
the infinence of wal«r, and chase* ont the whcde contenta of tbe tube. The other 
tobstance coagulates, leavine in the middle of the mass a canal by which Uie 
MMwperms arrtTe at the tqIta." 

In the caie of tbe CanthKicatuphis, however, tb» appendage is apparently of a 
different nature, being corneous and haider than the rest of the animal, more- 
over in no case have more than one of these been obeerved on tite same female. 
Jnrine, bowf ver, says that liiis body ia never seen till after she has seveial times 
laid egga. Br. Baird adds that he has never iieea more than one on the same 
female, and that no mature female is met without it, evea though tbe ova are 
attached. My own oheervatious accord with the above, but I am unable to add 
any suggestion as to tixe use of these orttanB. 

The females ore larger and usually darker in color than the male. 
Habitat. — Shallow lakes and pools; eveiywheie abundant. 

This species will lepay well patient study, and irom its abundance iM easily . 
fonnd. This western variety is distuiKuished from the eastern type by the shape 
of the liead, t^e greater brevity of the caudal sfyleta. tbe shape of the ova sac, 
Qie greater size of the fourth joint of the male antenuEe. and other minor difFer- 
mces, which no great stress is laid upon, however; and these variationB ma^ be 
due to inaccuracies of the drawings of Uaird's book. (See plate V.) 

Sub-family 3. Steropina, Dana. 

CharaeUrt. — Form somewhat like Sapphirina, but tbe eyes^minute, and gener- 
ally situated in a prominence in the &ant. Superior antennEe 
short. Feet of the firat pair monodactyl as in Corjciecids. Cau- 
dal stylets short, sub-cylindrical. 
Genus 1. ZauB, Goodsir. 
Qenus 2. St«rope, 6ood*ir. 
No m«nber of the family was met with. 

TAHILI III. CORTCKIDJE. 

The species are all oceanic. A species of Sapphirina is figured in the Rep. oS 
Fish and Fisheries for 1371 and 1872. 

T&iBB II. DAPHKiorDEA. Dana. 

Biblio^ropAy.— Daphuiuidea, Dana, Bep. Wilkes' Eipl. Ex., p. 1262. 

Cladocera, Baird, Brit. Entomoet p. 62, 1850. 

Burmeiattr, But. lur Naberg. Der Ranken&ss. 

Daphnides, Sli-aue. Mem. Mus. d'Hiat. Nat. 

Daphnoides on Cladoc^res, M. Edmarda, Hist. Nat. Binst, lii. 372. 

— Lueae, Eip. 3c. de I'Algine. 

Cftoi-ociw-a.— Thia tribe which corresponds with the [>rder>CIatfoc«ra of Baird 

and some recent authoi-s, is characterised as having the whole 
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bod;, exclusire of the head, (which ib cohered with a aeparate 
and similar plate) included in a huge carapace, which ia opoi 
below and behind, permitting the protrusion of the posterior por- 
tion of the abdomen, and allowing cnrrenta of water to pass with- 
in, both for respiratory purpoaea and to cany to the mouth parti- 
dee of food. 

The carapace is composed of tiiree parte, in one species at least, and it would 
seem that this is the typical ■tracture. The middle plate (in Daphnia vetula) 
lies orer the dorsal reffion ; the oUier two spring iiom it, flanking {it on either 
side, and forming the bulk of the shield. We would suiigeat the probable simi- 
larly of tiie central shield to the caadal shield of other cnistaceaas, and the 
poBaibilit; that the now larger portions ought really to be considered as accessory 
simply. 

TheDaphinoidea possess from four to sis pairs of foliaceous appendages, or 
branchial feet which do not assut in locomotioo. The eye is apparently single 
and is a very promment organ in all the members of the tribe, it is large and 
furnished with numerous lenses. 

The superior antennae are email, oflnn obsolete, and except in Boimina only 
one or two-jointed. The inferior antenns are large, being the true organs of 
locomotion, and several-jointed. 

The abdomen is incurved, mobile, furcate at the extremity ,and bears two 
pTominenc«s on the donal angle which are the origin of setEe. 

The carapace is often beautifully reticulated and sometimes there are more 
than one sort or series of these markings. The Daphinoide are distinguished 
from Cyproidea by the presence of posterior foliaceous legs, which is considered 
by Dana as of greater importance than the more obvious peculiarity — the ex- 
clusion of the head from the carpace. 

Prof. Dana has united the genera, of Dr. Burd's Daphniad<B, Pol^h*mid(e 
■nd Lynceidte in this tribe, and this seems appropriate, since there cannot cer- 
tainly be as wide a gap between DaphniA and Lyneeua as between the curious 
Bosniina and Dgphnia, yet the latter two were united in one family and Lyncena 
seiMiated as totally distinct. The chief peculiarities which lead to the separation 
of Lynceidte were first, the fact that they possessed in front of the eye a " black 
spot" of unknown use, and second, that the head was produced in iront to form 
a more or less prominent beak. 

Bat it has since been sfcertained that the black spot is a common feature 
among the species of the whole tribe and, according to modem asthors, is in 
someway connected with the base of the superior antemue and serree, probably, 
as an organ of hearing. 

Ihe characters of the head seem to have been misunderstood. In all the 
species of the Daphinoidea which 1 have examined, the head seems to b^ covered 
with a curved plate or carapace, within which is the insertion of the organs of 
the head. Now a !:ttle change of popition under the microscope serves to pve 
to the anterior portion of this cov«ring on acute or obtuse appeamnce, depend- 
ing on which side of the carapace is in the focus of (he instrument. As the 
sh^ie of the beak is used as a generic character in this sub-division it seems 
quite probable that the matter will need further revisioD. The fact that the 
inteilane is or is sot convoluted wag shown by Dana to be of no generic im- 
portance. 

"Sm charocteristica of tite tribe may be beat seen as illnstntted in the subdi- 

■7 • 
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FAXILT 1. PBMIUDA. Daua. 

Bibliography.— Peai^Ace, Daw. Pro. Anter. Acad. ScL, ii., 47, 1849. 
Sidina, Baird, Brit. Entomoat, 106. 
Sidide, Graf, Cat. Brit. Croat. Brit. Mus., 93, 1850. 
Characters. — Foliaceons feet trrelre, narrow. Anterior aatemue obtolescenL 

Genus 1. Stda, Straue. PoBterior antenus with the Iodb:^: TEtmos 

three-articulate, ihorter, two-articnlat«. Head not beaked below. 
Grenni2. Daphnella, Baird. BoUi rami of posterior oatemue two- 
jomted. Anterior ontennte borne by the middle of t}i6 under aspect 
of the head. 
Genus 8. Penilia, Dana. Both rami of the posterior antennte two- 
jointed. Head short, produced below. Frimaij antennffibome on 
the extremity. Spedet marine. 
? Ueani 4. Lat^na, Straust, Posterior antenna having three one- 
articulate rami. 
Only one spedee of this family has been met with, which is here described. 

Slda, (Stram.) 

Bibliographi/. — Sida, Straut, Minn. Mub. Hist. Nat,, v. 

Jf. Edwarda. 

Baird. 

Dapbnia, MutUer^ 

lAbeille, etc. 

HonoculoB, De Geer. 

Jurint, etc. 

Generic Characters.— Supenor anteonte of moderate size. Longer rami of infer- 
ior antennfa with three articolationi, shorter rami with two. 
Inferior Mitennte very large and pow«ful. 

Bida eiystdUnih Muller. 

Bibliographg.—DfiphiM dystallina, MiUl«r, Zool. Dan. Prod., No. 2,405, 1,776. 
Daphnia cryBtaltina, Uuller, Entomoit., 96, 1 14, f. 1-4. 

Latreilk, Hist. Nat Crust. 17.. 230. 

. Boat, Mmn. d'Hiit. Nat. Crust. II., 281. 

Sidacrystallina, StmM, Minn. Mus. Hist. Nat., T. 
Sida cryrtalUna, M. Edwarda, Eiet. Nat. Cruet., III., 383. 
HoDOcnlus crystallina, Omelin, Linn. Lyst. Nat., edit. ISb, I. 
3,000, No. 29. 

Jtfontwi, Enc. MiUi., VII. 724, t. 265, 

f. 15-18. 

Fabrieiiu, EnL Syst., II. 493. 

Monocnlus dongatus, Ik Oeer, Mem. Serria Hist. Ins., VII. 470, 
t. 29, f. 1-4, 1,778. 



3vGooglc 



STATE QSOLOGIST- 99 

Dueripiion, etc. — Genenl shape that of an elongnte lectangnitw: prism, or 
nib-t^liudrical. Carapace elong:ate oval, truncate hefore and beMnd, verf kaoa- 
parent, beinK obvionHl; reticulated only near the anterior porbon. 

Head large, obtuBe in both vertical and horisontal aapect, fornished with a 
•groifOka^ disc or plate on the posterior part of upper lorbce. Eye round and 
rather lai^, red, with many comece. 

Superior antenns are quite observable, beini; lather long and armed with 
four brirtles on the estremitj.' 

Inferior antennae very lar^re, The basal joint ia cylindrical, very large and 
fleshy, and wrinkled bo as to appear many jointed. The two rami are unequal 
and rather short. The onter ramus has three articulations. The first is shott 
and furnished with a minyte spine. The second is longer and has three strong- 
jointed setra on the inner margin, and a spine near it« articulation with the 
tliiid, which is of nearly the same length, and lia« four seta on Qie inner margin, 
three at the ^d and a small spine at the apper outer angle. 

The inner ramoa has two unequal joints, the lower of which is mnch the longer, 
■ndis fWnished with a spine and a seta, while the second has four targe-jointed 
sets at the extremity. 

The labmm and mandible are similar to those of Daphnia. 

Hie feet are of six pairs, which are described as follows: 

TiM first pair conststs of a main stalk of two jomts, of whidi the first has fbnr 
wtK, and the terminal (or ''hand") joint seven. The first joint also has two 
branchial plates, of which the upper and smaller posseesei nine or ten short setsa 
and one jointed and plnmose filament, while the lower or main plate has alx>ut 
thirty plnmoae setie. The second, third, fourth and fifth pairs are quite similar, 
bat Ihe stout sete on the outer margin of the first joint are replaced by a trian- 
fcolat plate and the branchial filaments are shorter. The sixth pur has three 
aiticnlations, each furnished with straight, stout spines, and ia curved. The 
abdomen has at it* extreinity two strong, curved claws, which have each three 
■pinesoD the basal half, and aredentatefortheremainder of theiilength; italsu 
1ms two tubercle* at the angle behind each of which bears a long seta. Between 
the claws and these kooba are two rows of spines. 

"Hie ovuy ctmtiunB in fiiU grown fbmalea, about twenty young, which resemble 
thtdr parent from lurth. 

lite organ on the top of the head is used as a sort of sutler, by which the 
animal adheres to water plants. 

Heir motion ia rapid and steady. He diculation of the blood can be sem 
through the transparent walla of the body and head, as in the front part of the 
head, where the minute, col<»'less corpuscles are easily awn ctmrung from above. 
There appears to be a dorsal vessel just above the intestine in which these glob- 
' nles can be seen as they pass from Iwhind forwards to near the juncture of the 
carapace with the glabella of the bead, where is an enlargement forming the 
heart, the pulsations of which are uniform with the motions of the branchial feet. 
The motjon of the feet, besides the aeration of the blood, propels (as in others of 
this family) a strong current of water between the bases gf the limba toward the 
mouth, bringing to it the patticiee on which it feeds and which it has no other 
means of capturing. 

This int«restsng creature is quite rarely seen, whethra from its reclusive habita 
or actual scarcity I do not know, but it deserves the attention of students, as pre- 
senting, both on account of its size and transparency and its somewhat anoma- 
lous structure, one of the best oppottonities of investigating these littie known 
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Habitat. — "Grassj Lake," n pond tnbufaU7 during high water to LakeCctl- 
hoon, near Minneapolis; tdio Diamond Lake. Tbe animal seeniB to be found in 
lakee not completely isolated, and doeB not pt«fer bo mudd; a sitoation as most 
of the Daplinioidea. 

The itmcture of this animal was compared misntel; with the description giTen 
b7Dr.BairdofS.Crys(aUtna,andis beyond doubtidentical. Plattt Viand VII. 

TAHILT II. DAPHMID^. 

Bibliography. —liv^iaAK, Dana, Rep. Wilkes' Gxpl. Esp., p. 1265. 

Dana, Proc. Amer. Acad. .Sd., ii., 1849. 

Daphnito, 6ras. Cat. Brit. Crust. Brit. Mus., 88. 

Uaphmadte, (part), Baird, Brit. Entomos. 62. 
Characters. — Foliaoeoiu feet ten. Anterior antennae one or two-jomted. 

1. Head large. • 

Genus 1. Daphnia, Muller, (including Ceriodaphnia of Dailla, whidi 

differ in the shape of the reticulations of the shell.) 
G«ius 2. Moina, Baird. 
QenoB 3. Macrothrii, Baircf (including AcanUiocerus of Schodler.) 

2. Head short. 

Genua 4. Ljnceus, MuUer (inclading Eurgeereug, Chydorws, Pera- 
eantha, FleuromB, Acrop^-us, Caotpotereua and Alona of difierent 
authors, until lome valid generic characters are announced.) 

Qenufl Daphnia, Muller. 

SiMiography. — Daphnia, Mulltr, Zool. Ban. Prod. 

Muller, Entomost. 

Straus, DetmOrstf, Latreille, etc. 

Monoculus, lAnnwus, Foda, Blvmenbaeh, De Geer, etc. 
The Daphniee areamongour most abundant and most interestinf; Entomostraca, 
occurring in stagnant water everywhere, they are very prolific and voracious, 
Tliii senus is colifined strictly to iresh water. 

Tl£ geneial chanicters will be gathered from the description of the tribe and 
of the spedee. The superior antennte are usually rudimentaiy and hidden, but 
vary with the sexes. The most prominent organs are the inferior aotennffi, 
which are large and powerful. Tbey consist at the base of a single la^ie, fleehy 
joint which has all possible play upon its attachments. This joint supports two 
branches of nearly equal length, but tbe outer is usually four- jointed, while the - 
inner has but three articulations. Each of the last three is {urniibed with a 
long seta which is jointed at the middle, and usually pecinate, lorming a fine 
swimming organ. Tlie eye is a large, conspicuous organ near Uie front and is 
so fBmisbed with muscles tiiat it baa & semi-rotation. Tim organ occupies a 
' prominence on the underside of the head, which prcgects backward supporting 
the minute antenme and the black spot before noticed. Baird says that the eye 
was mistaken by one author foi the stomach. The chief ganglion of the nervous 
system lies near and communicates with the eye. The mouth lies at the tmck of 
the prominence described, and is armed with a labnun, a pair of mandiltles and 
ft pair of jawB. For paiticnlars of structure see plate IX. 
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The digiestive system is the moat conepicuouB part of tbe creatnie wlien filled. 
It is tbeu often of a brillant green color, extendiufr along^ the whole dorsal regi<a. 
Tbe cewphafus ie short, opening into the stomach jast behind the brain gtam- 
ilon. From Uiis point the stomach curves upward and extends thence throu(^ 
the whole lengtJi of the animal. The contractile Tesdcle above the stomach is 
quite an obvious feature, but Gruithuisen says there are two hearts, one venous, 
the other arterial, but this is probably not established, though the eristence of a 
dorsal vessel above the stomach is probable from analogy and observed appear- 

Thelegs, whith are of five pairs, vary considerably, but the same plan is pt«- 
served. At the base of each is a brHnchial plate furnished with fine branchial 
SUmentscoirespoDding to giUs, while the remaining portions of the leg serve to 
mate currents of wat«T toward the mouth. Tbe result is a vigorous current 
between the legs under the body, which transports the food particles to tbe max- 
illa. The ovaries are along the sides of the abdomen, and the ova are normally 
hstdied within the shell of the parent above the abdomen. 

These creatures have been supposed hermaphroditic, from the extreme scaicit; 
of Die stales, but they are in thk respect like the Aphides, being parthenogenetic. 
Besides the ova which are hatched within the shell of the living parent, another 
methodis seen. The outside of the carapace grows opaque, and finally two spote 
appear within which are the eggs. When the moult takes place, the carapace 
with its burden is left in the watec until a favorable time, when the eggs hatch. 
This obviously is a protection against the cold of winter, for the ephjppium, as 
the carapace thus loaded is called, is thick and homy. The ephippia may be 
obeerred in winter,floating about in the water, often in abundance. (Bee plate 

a.) ^ 

Daphnia Pulex. 

Ba%ropAy.— MonoculuB pulex, LintueM, Sys. Nat. 10 Ed., i., 635. No. 4, 175S. 

Gni€im, Syst. Nat. 13th Edit., i., 2999, No. 4. 

Poda, Ins. Mus. Grtecus, 124. 

■ Muller, Faun. Insect. Fredrichsdalena, 95.. 

Blumenbath, Handbuch der Naturg., 399. 

Manuel, Enc. nieth., VIL, 722, No.15, t.265, f. 1-4. 

- Fabricius, Entoml. Syst., : 



Ltaeh, Encyc. Brit. art. Entoml. 

Jurint, Hist, des Monoe., 85. 

- Cuvier, Tab. Element., 455. 



Daphene pules. Mailer, Zool. Dan. Prod., 199, No. 2400, 1776. 
Daphnia pulex, Lairtilk, Gen. Crust, et Ins.; Hist. Nat. gen. 

et part., des Crust; Rfigne Anim. Cuv. 
LaTmrck, Hist. Nat. des An. s. Vert. Edit.l2, V., 

181, No. I. 

LamoaelU, British Insects, 81. 

Stmua, Mem. der Mus. d'Hist. Nat., v. t. 29. 

' Demarett, Consid. g^n. sur les Crust., 372, t. 54. 

Baird, Ann. Nat. Hist., i., 254. 

M. Edwards, Hurt. Nat. des Crust. , 

Guerin, Iconograph. Crust,, t. 33. 

Daphnia pulex, 0. Fabricius Faun. GrfBnIand., 263. 
: Leach Edm. E!ucyc., vii, art. Crustaceol. 
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Daphnia pennaU, MuUer, Entonuwt., t. 12, f. 4-7. 

Bosc, Han. d'Hiat. Nat. des Crust, ii., 280. 

Sehrank, Faun. Boic, iii„ 264. 

Honoculiu pnles arboreacens, Linn. Sjit. Nat.. 4th Edit., 96. 
Pulei arboresceoB, Sinammerdam, Hist. Nat. Iiu. Gien., 76, t. I, 
t. o. b. c. Biblia Natime, 86, t. 81, f. 1-3. 

G(M2« NaturfoBCher, pt, 7. 

MoDOCuloB pulez ramoaaa, Ik Gter, H^m. pour servir i, I'Hist. 

InB.,TO., 442. 
Daphnia ramoea, Koc\, Deatsch. Cniat., h. XXXV., t. 18. 
DapbnU media, Koch, Deutsch. Crust., h, XXSVII. 1. 1. 
Daphnia ephippiata, Koch, Deutech. Crutt., h. XXXV 1. 16. 
Puckron brauchu, TrtmbUy. 

Water-flea with branchinK hoiBB, Baker, EmpL for Micioa. 
Pou aquatiq^ue, Johlol, Observ. d'Hist. Nat. 
Le Perroquet d'can, Gtoffroy, Hist, abi^g. Ins. 
Vermes miDimi rubri, Merrett, Pmai Rea. Nat. Brit. 
Ammaletti aquatid, Eedi, AsBerva^ni. Opere. 
Monoculns, Bradley, Phil. Occ. of Works of Nature. 
Le Puceron Terdatre, LedermuUtr. 
Var. 1. Daphnia longispina. Mailer. 

Latreille. 

Bote. 

Eamdohr. 



- Lamarck. 



- Demarett. 

- M. EdotardB. 
-Koch. 



MoDOCoIns longispinus, Fabricius. 

Manuel. 

De Geer. 

Sckteff*)-. 

Var. 2. Daphnia masna, Straus. 

Demareat. 

M. Edtcani*. 

Description. — Carapaz oval or sub- quadrangular, transparent, more or less 
leticiilated on all or part of the surface. Head large, more or less beaked. Su- 
perior artt«nii« very small. Inferior antenrue stronR and Ion?. The superior 
amtemife have five small sette at the apex, while the inferior pair are armed with 
the usual complement of sette, which in diis species are finely plumose. 

The'color of this animal, which is our commonest and one of the largest spa- 
des, ii dependent upon the food taken into tbe stomach, which extends throng'h 
nearly the whole leni^th of the body in all the spedes. When ftedintf apcm 
clean vegetation the intestinal canal is of a brilliant green hue, while at othe^ 
times it is dark or brownish. In England they are often of a bright ted color 
thronghout,lbut I have never met with such here. 

The carapax is tenninatod posteriorly by a serrated spine, whidi is variously 
situated, and varies also with the a^ of the animal. In one variety the spine is 
dtnated at the upper posterior angle while in others it sprinKS from the centre of 
tiie'post«rior aspect. In the young the spine is long, almost equaling sometimea 
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tin carapax in leoftli, but at eacb Buccessive moulting the spine ii found to be 
ahorter. The upper part of the body haa foar pitijectionB, one of which is longer 
than th£ others and eervm evidently to keep the ova in position. 

Dr. Baud eajH that " the male ia much smaller Ihaa the female", which is the 
case in nearly all the epedes, "and ihe superior antennas are much larger and 
ipring fe)in under the beak instead of from tbe beak itself. The inferior extrem- 
ities of ttie valves eie more densely semited than in the female." 

Tie males are always fewer than the females. The molionB of thia -creature 
are quick, spasmodic leaps tfarongrh the water, and it often presents a beautiful 
appearance. 

Daphnia Vetula. 

BS>Uography.— Daphne vetula, UuUer, Zool. Dan. Prod,, No. 2399. 

Daphnia, eetulo, Straui, MSm Mus. Hist. Nat., V., t. 29, f. 25-6. 

Baird, Ann. Mag. Nat. Hist., i., 255, t 9, f. 13. 

Daphnia sima, Mullir, Entomoat., 91, 1. 12, f. 11-13, 1785. 
Latreilte. 

Batndokr. 

Gruilhuism. 

Desmar*^. 

Lamarck. 

M. Edieards. 

■ Koch. 

Monorailus sima, Givehn. 
Manuel. 

Monoculus Isevia, Fabridus. 

Monoculus expinosus, De Geer, 

MonoculuB conchacua, Donovaan. 

FngeBchwauzter-aackiKer, Wasserfiok, Seho^er. 

Monoculus nsButus (?) Jurine. 

Uonocnlus pulei, Sulger. 

Daphnia congener, Koch. 

Daphnia expinosa, Koch. 
Detcriplion. — In size like Daphnia^ pulex, some forms of which it reaembles. 
Carapax in the male quadrangular with the sides nearly parallel, the posterior 
prominence being near the dorsal part of the shell. In tbe female, however, tlie 
prominence is near the middle of the posterior side, while tbe carapax ia widest 
Dear that extremity. The spine usually present in the larger Daphnidie is obso- 
lete, but there is a series of small spines or teeth on the upper posterior margin. 
The lower edge is strongly ciliated. The caiapax ia strongly lined transversely. 
These strie arise from the one or two rows of hexagonal cells which border the 
lower margin, and anastomose occasionally, giving in some ctuea a reticulated 
appearance to the shell. The head is very small proportionately, rounded in 
in ftunt, and rather strongly beaked below. 

The superior antennte are quite evident. Inferior antennte large. The first 
joint ia fleshy and stout, margined at the extremity with spines and sending ont 
three branches, of which the two lai^ swimming organs are as in pulex, having 
the plumose setie, ete. At the baae and between these is a third, condstdngof a 
conical pout with a broadened base ending in a spinous appendage. The scuta 
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of the bead seems vider and less arched tius in other spedes. JawB long and 
ending in & circle of &aa teath. Feet as in^fe:c. 

Seen from above the,carapas of the bodf is found fo coDidst of three pieces 
The first, which might be termed the scutetla, is a small shield adjoining the 
head, and the two principal pieces or valves of the shell maj be considered as 
appendages of the scutella. Theee pieces ma; be compared to the ttrgum and 
pleuron of tsilotntee . 

The stmctore of the beak and its lelation to the head is mom dearlr seen than 
in moat of the DaphniEe. The bead shield as seen from below is transTersely 
snb-oval. Directly in front and very near the anterior martpn of the skull is an 
eye, filling a ciicolar elevation reaching the anterior margin, and sending off 
posteriorly a ridge or straight partition which divides the lower aspect of the 
head into two basin-like cavities. This ridge terminates in the beak which car- 
riee the superior antennse and the black spot which Huxley calls an ocular pig- 
ment, but by other authors is thought to be attached to the auditory apparatus, 
and is termed by Dana the "otolites", following Schoder in so considering it. 
(See Plates X. and XL] 

Daphnia Muoronata. 

Bibliography.—Tta/phae mucronata, Jfulfer, Zool. Dan. Prod., No. 2404, 1776. 

Dapnia mucronata, Midler, Entomst., 94. 

Deamareet. Cons. g6n. Cmst. 874. 

DOrenU, Hist. Nat. Crust., IV., 229. 

BoK, Han. d'Hist. Nat. CmsL, ii., 281. 

M. Edaarda, Hist. Nat. Crust. iiL, 382. 

Baird, Trans. Berw. Kat. dub, ii, 148. 

' — Honoculus mucrflnatns, Gmtlin, Ijnn. Syat. Nat., 

edit 14th, i., 3,000, No. 28. 

Manatl, Enc. Mith., t. 265, f. 19. 

Jurint, Hist Nat. Monoc 137, 1. 14, f. I, 2. 

Uonoculus bistnnosns, De Getr, Mem. Sorvir. Hist, Tns., VII., 
463,1778. 

Fabnciv*, Ent. Syst,, iii„ 493. 

Daphnia bispinosa, Koeh, Deatsch. Cmst., h. VIII., t, ]. 
Description. — General shape, as seen bom above, oval. Lower margin of the 
caiapax straight, terminated posteriorly hy a curved spine. Head triangular, 
obtuse in front. Eye laige. Superior antennce small. Inferior antennEe long. 
Lower part of the can^iax dliated. Color dark. Dr. Baird says that the 
fbrm of the head varies in this spedes, being sometimes rounded and at others 
terminated 1^ a sharp, somewhat curved point directed upwards, 

I have not observed in any of the many specimens seen a sharply pointed head; 
and though this point caste some doubt on the identification, every other point 
in his description seems to agree very well with our spedes, which I find no war- 
rant for separating ftom 2>. mueronata vac. o6fu«e ro$trala. 

HabHat.—Saadj Lake (East Minneapolis), Claim's Lake, Grassy Lake, etc. 
(See Ptnte XII.) 

Daphnia (Csriodaphnia, Dana) Retroulata. 

SStliographg.—Vloiiocoliia reticulatus, Jurine, Hist. Nat, Honoc, 139, 1. 14, . 
f . 3, 4. 
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Daphnia t«ticuJlatiL, Desmareat, Cona. s^n Cruit., 374. 
JIf. Edwards, Hiit. Nat. CruBt., iii., 381. 

Baird, Trans. Berws. Nat. Club, ii., 148. 

DapliiiiaventricoBa(?)X^o»fi, DeuUch. Crurt., h. XXXV., t. 21. 
Daplmia quadraugula, MuUer, Eat., 90, t. 13. f. 4. 

• — LatreilU, Nat. Hiat. Const. IV., 227. 

Monoculus quadranKiila, GintUn, Linn. S^rat. Nat., 2999, No. 24. 

Monoculus quadnmgularu, Manuel, Enc. Midi., TIL, 728, No. 15. 

Monoculus quadran^iu, Fabridua. Ent. Sjst., ii., 492. 

you. — I wae not able to fiilly Wisfy mjself that this in certain!; identical 

with the spedea described \ij Baird but there are no good reaaona for believing 

itadiatinct apeciea. Ifis round enough for D. rotunda. There ia an evident 

ipuH on the poaterior anjtle of the shell, though it sometimes is almost obeolete. 

The reticulationa are hexagonal (?). The color in the apedmens examined b 

greenish, and moreover the superior antenuoe agree better with rtticulata than 

rotunda. The aise is small. 

Deteription. — Small (.02 in. or over). Carapace oval and compatativelr very 
broad, covered with hexagonal markings. Head small aa compared vrith Uie 
boii^, and more near!; at r^bt angles vrith it than in moat of the Daphnira. 
There la also a slight depression a little in Iront of the juncture with tlie bod;. 
Superior antene rather larger than in most Daphnue, and somewhat movable. 
Inferior antenna quit« large. Beak none. Feet as in the larger spectes. 

lliia spedes is very active on account of the length of the antenna, which have 
Bhotter spines (not plumose) than If. pultx. It presents a robuat appearance in 
Bwimming either on its back or face, since it is much broader in proportion than 
most other apedes. 

Habitat. — Lake Amelia, Grassy Lake, etc. Not very abundant but widely 
distributed. 

Baird says of this apedes: " The ephippinm differs considerably from that of 
ptdex. It is more rounded, white at the centre, with a large round ampulla, 
containing only one ovum. When the animal has the ephippinm on, it pos- 
sesses a square appearance, and ia the I>. giuHJranji'uJaof MuUer." 

Hiis is one of the commonest species in many of our lakes, while ia others it is 
r^laced by the jtufer, for as yet I have not seen them both in the same locality. 
Habilat. — Oraasy I^e, Lake Amelia, etc. 
(Sea Plate VII.) 

Daphnia aplnoaa, Herrick. 

Deieripti<m. — General shape of the Daphnia pnlei; carapace aimed at the 
upper posterior margin with a rather long, serrated spme. The first of feet are 
long, bristled at the extremity as in young spedmens of 0. pnlex. The anterior 
anlennte are larger than in pulex and two-jointed and setsi-bearing at the end. 
Posterior ant^nnx exactly as in pnlex. The eye is nearer the ant«nns than in 
other spedes, but the most striking peculiarity is the pointed spine formed by 
tlje front of tie head, which ia very marked. Carapace not obviously reticulated, 
transparent. 

EabUat.—Vmnd in Lake Calhoon, but not in large numbera. It seems to in- 
habit the deeper waters. 

{SeePkteXIIl., p. 1.) 
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oBNus Mwrolhrix. 

(Sig. — long hair.) 

Bibliography.— MatxoQuii, Baird, Ann. Mag. Nat. Hiet., XI, 87, 1843, and 
XVII, 412; Trans. Berw. Nat. Hist, club, ii, 149. 

Daphnia, M. Edteards, Hist. Nat. Crust, iii, 884. 

Mttller (?) EntomoBt. 

LyuceiM, Dtsmareat, Coiu. Geq. Et. Part. Cmst., 376. 

Monocnlua, Jumine, Hiat. Monoc. Generc 

AcanttiDcarcas, Sehulder Ericks, 1846. 

Maianthiii, Dana, Wilkes' Esploa. ExpT Report. 
Characters. — Head, beneath, eitlter subacate or rather obtuse, anterior antennn 

latbec loDB, penduloug from tiie beak, eje accompanied by a 

rather large black spot at the base of the atiemiee;aeba&om first 

jomt of anterior branch of inferior antennEe mndi longer than 

the others. 

Maorothrlx aglils, Herrick. 

Detcryrfiort.— Head atiitild (as seen from above) very nearly square; body car- 
space pear shaped; eye smaller than in Daphnia and accompanied witii a rather 
lar&e black spot similar to the obTioos spot in Lynceus, but eren larger. Superior 
antennie very lonx in comparison with otber membeiB of the family. Inferior 
antennsB tatiter laive, armed with large sette, of which the spine from the end of 
the first joint i» extremely elongate and plnmose, nearly as long as the body. 
This joint also has a small spine on the opposite or upper aide of tiie ramus. 

The spine from the second joint is hugst than in Daphnia. The final joint 
bears a small spine also in addition te the three setce. (In the drawing both of 
the rami have the elongate seta. This may be a mistake in the observation, 
which was made in some haste.) 

The jaws, feet, and posterior segments of the body, are similar, as far as 
observed, te like organs in Daphnia. 

The lower and posterior part of the margin of the carapace bears a number of 
long stout spines directed backward. The posterior boJy filaments, instead of 
being simple or only plumose, are divided at the extremity into four small briatlea, 
forming a tassel or brush at the end. 

The intestine is not convoluted but is more abruptly carved and depressed near 
the head than in Daphnia, thus approaching Lynceus. 

The motions of this interesting animal are lively and impetuous, it being 
assisted by the long filaments of the ant«nn£e, which, with the body spines and 
strong teeth of the shell, givt to it a spider like aspect. 

This Bpedes diSers materially from any described by Baird, or any other author 
with which I am familiar, but even if the elongate filaments should prove to be 
common to both rami of fcha antenass, it must fall in this genus. 
Habitat. — Only observed in Rocky Lake, a small pool near East Minneapolis. 

Plate XIV. 

GBNTJB Lynoeua, Muller. 

This genus was rq'ected by Dr. Baird who founded upon its remains a number 
of genera, most of which were cqected in turn by Prof; Dana, who recognized 
the following: 
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Lftietta, Euryeercut and Altma. 

Liftuxus—Eurycereus of Dr. BsJrd. 

Eurycercui^Chydorus, Percantha and Plevroxus. 

Aiona^Alona, Acroperm and Camplocereut. 

In the genua Alona, he aaja. the beak diverges from the body at a large angle 
(60° to 90°) witli the shell adjoiiiiiig, while in Lynceua it ia OEiiiall; curved par- 
slid to it 

But, as Dana himiielf adtnitB, the diatinctionB ai« of doubtfiil importance, and 
it would seem preferable ia retain Uuller's old genua instituted for all of these 
fbmu Ulan to faither complicate the matter nntil a lajg« amount of matetial 
ohall he gathered and compared. The apedes obaerTed will, therefore, be briefly 
dncribed and the probable place in the rq'ected genera indicated. 

Lynoeu* maorouru*. Muller. 

BtWHJffr«pAy.— LjnceuB raaoDunia, MulUr, Dan. Prod., 2397, 

: Latreille. Hist. Nat. Croat., 207. 

M. Edwards, Bist. Nat. Cruat., iii. 388. 

HoDOCulua macrourue, Genelin^ S;st. Nat., .^008, No. 65. 

Monocalus macrourua, Manuel, Enc. Mith., vii, 733, No. 68. 

FtOiricins, Ent. Syat., ii, 499. 

Camptocercue macrouma, Baird, Ann. and Mag. Nat. Hiat. ii; 
Tnma. Berw. Nat. CInb. ii, 150; British EntoroOBfc p. 128. 
Dacription. — Carapace pear-ahaped, transparent, finely lined longitudinally, 
snaated on the lower margin, which is ciliated for mobt of ita length. Head 
lather small, with a short, blunt beak projecting straight downwards. Superior 
uteniiie rather large, situated about half wa; Irom the extremity of the beak to 
tlie body. Inferior anteoDB long, with long aetse at the extjemity, eyea amall, first 
pair of feet large, abdomen very long and alcuder. sernit«d with well marked 
teeth on Uie poaterior edge and terminating in the neaal pair of clawa. The 
extreme length and narrownesa of the abomen formed the baais of the genua 
eamplocereus of Dr. Baird, thie spedee being the only one described under it. 
He intestine is convoluted, and there ia an opening near tie J uncture of the last 
K^ment of the abdomen with the rest of the body from which a long v^sel 
begins and extends above the atomach, as at (a) Fig. 1, Plate XV. This spedoa 
ia quite abundant. 

Lynoeu* quadrangularU, Muller. 

Bibliography. — Lynceua quadrangularia, Muller, Zool. Dan. Prod., No. 2393, 
1876. 

' Latreille, Hiat. Cruat., 203. 

Baird, Trans. Berw. Club. 

M. Edmtrdt, Hiat. Crust., iii., 388. 

Kock, Deutach. Crust. L. XXXVI. 

Monoculus quadrangulus, Omelin, Maduel. 
Monoculus quadrangularia, Faitriciug. 
Monoculus Btriatus{?) JWn'Me.' 

Ming, quadrangularia, Baird, Ann. and Maff. Nat. Hist., ii. 92 
Trana. Berw. Club, ii. 161; 
Entomoatraoa, p. 131. 
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Degeripthn. — Carapace ovate quadrangular, but somewhat variable, being in 
some specimenB quite abruptly rounded on the posterior margin, while in otbera 
it is almoEt truncate; shell of a jellowiah or brown color, heaTi]7 marked and 
ciliated below. Beak blunt, yarying in position in different individuale. Abdo- 
men flat, Binuated at the extremity and bear.ng long claws. Anterior antenns 
of moderate size. Eye rather large. Larger antenute rather long. 

Total length between .03 and .04 in. This species ia also quite abundant, 
and if I am right in referring it to the L. quadrangularis of Muller, is quite Tari- 
able, DrawinifB made from individuals collected at different loealitsB on com- 
parison Bhow minute differences of form and markings. The intestine is strongly 
convoluted in this species, but the dark color of the shell usually interferea with 
observations of the organs within. 

Plate XV. fig. 2. 

Lynoeus •phterioua, Uuller. (?) 

Bibliography. — Lynceus sphftricus, MuUer. 

LatreiUe. 

Lamarck, 



—M. Edwards. 
— Prichard. 
-Koeh. 



Uonocolos Hphtericus, Gmelin. 

Manuel. 

Fabriciua . 

Jurine. 



CbydoTQB Mulleri, Leach. 

ChydoruB sphtencus, Baird, Ann. and Mag. Nat. Eiat. ii. 89, t. 2; 
Brit. Entomet. p. 126. 
Descriptioii. — Bird's description of this species is appUcable to any one of 
several almost equally, and the only recourse seems to be a reliance on the figure 
he gives with which our species seems to correspond quite well. 

The shell is round and nearly blunt behind, the antennte are quite small, so 
that the animal rolls slowly along like a corpulent sailor on land. Not enough 
attention baa been devoted to this and the following species of tlie genus. 
Length, .03 in. Plate XIII, fig. 2. 

Lynceui sp.7 

See L. (PleumB) trigonellns, P. uncinatns etc. of Baird. 

The animal figured in Plate XII, Fig. 3, evidently belongs to the genua Pleu- 
roxus of Baird. In eiamining several specimens the turned up beak .was 
found in several cases while in others it was seen as represented at (3a) of the 
Bame plate. Dr. Baird separated two apedea on the ground of this variation, 
but it does not seem to be a specific character. The length is .03 in. in the 
species seen, and except that the shell is longer in proportion, agrees pretty well 
with L. trigonellus, Muller. 
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Another member of the genus differing ftom any dewription met with ia ahown 
in plate XVI. It is the emalleat fbim seen, not exceeding .02 in. The feet are 
proportiooall; large, as is the eye, while the antennie aie quite amall. 

FAMiLT Botminidn. 

ThiB fiKoily has been removed, by Prof. Dana, ( justly it would teem to us) 
from Dahpnida. The general appearance ia unique, and the cbaracteriatica <^ 
the raperior antennee places the oiUy member in theaingle genua composing Uiis 
fiunily at quite a distance from Daphnia and its allies. 

Charatleritlict. — Foliaceoos feet, ten in number; anterior antennee elongate and 
many-articulate. 

ORKUB Boemlna. 

BIbliographif, — Daphnia, M. Edieardg. 

Desmareat. 

Baird. 

Monoculua, Jurine. 
Lynceus, MulUr. 

LatreilU. 

fiosmiua, Baird, Tiana. Berw. Nat. Club, 1845; Ann. Mag. 
Nat Hist. VI., 412. 
Note. (Name) — "Boamiua," a daughter of Fingal. 
Gentric characters. — Superior antennte long, curved, cylindrioil, conaisting of 
many small aiticulatioiia, and projecting from the extremity of 
the beak; inferior antennie amall ae compared with size of Hie 
body. 

Bosmlni longlfoitria. 

BHAiography.—hjacewM longirostria, Muller, Zool. Dan. Prod., No. 2394; Ento- 
most,, 76. 

LatreilU, Hint. Nat. Crast. IV., 206. 

F(Aricim, Ent. Syat., ii., 489. • 

HoDOcnlna contutos, Jurine, Hist. Nat. Uonoc 
Daphnia comuta, Detmoreat, Cona. Qen. Crust. 
Baird, Ann. Mag. Nat. Hist, ii., 257. 



if. Edioard, Hiat. Nat. Cruet., li 

Boamina comuta, Baird, Trana. Berw. Nat. Club. 
Eunica longitoatria, Koch, Deatacb Cmsi, h. XXXV. t. 23. 
Deicription. — General form vaiTing &om nearly square to an irregular peai 
shape (the large portion anterior); carapace terminated on the lower posterior 
margin by short, curved spines. Head of moderate size, eye large, aupenor an- 
tmmffl Icmg, piqecting from the Iteak, conaiating of many articulations, the sev- 
enth joints furnished with aette. Inferior anteunfe small. Ova few. 

The length of this animal is less than .02 in., which makes it a difficult matter 
to dearly diacover the atracture of the organa. 

The superior anteons are nearly immovable, and being cloaelf in jnxtapoaitton, 
give the ^^peaninoe of a long, jointed beak ta tnmk. In &ct the ELrat idea 
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woggestod by fiuB bizarre creature is a peculiar boriesque on the elephant. It 
reqniiee favorable light and a high power to study the natute of the antennie. 
The feet are apparently wider than in Daphnia. Under a favorable light, the 
carapace ia seen to be reticulated with hexagonal cella(at least neat theedge) and 
ia covered, in eome Epecimens at least, by exceedingly minute tubercles. The 
motion ie steady, progressive, and not saltatory, as in many Daphnite, which ia 
due [as in Lyncen) to the shortDCBg of the antennoe. The spedes from which 
thia description is drawn may be distinct from tbe longiroatris of Baird, but on 
comparing bothalcoholicBpecimeiis and drawings made from living specimenB, no 
differences of importance were detected. The reticulated and tuberculated nature 
of the shell maybe a local variation, or may have easily escaped his notice. The 
fbrm of the shell demonstrably varies, and to probably does the number of appa- 
rent jointa to the superior autennie. The apecieB was found in only one locality, 
having been dipped with a botUe from the bottom through the ice. but the time 
of collection is lost. Later, careful aearch was made during autumn, but no 
Specimens rewarded the pains. The markings, and jointing of the antemue 
would make good tests for microscopes of moderate power, for such as are inter- 
ested in this subject. 
Habitat. — Johnson's lake, Minneapolis. 
(See Plate XVII.) 

TBiBE III. CTPRoiDBA. Dana. 

Character a.— Dana gives the following: " The Cypntfea differ from all other 
Crustacea except the LetUcBindB [and Botatonal in the absence 
of the pairs <£ appenda^r™ t>eionging to all the normal cephalo- 
thoradc segments posterior to the eighth, that is, to the aiz 
posterior of these segments. The last bwo of these six pain 
are obsolete in all the Lophtvpoda; and in the Cgelopoidea and 
Daphnioinea the first four of them are natatory and foUaceoos, 
together with also another pair, next anterior in most species. 
The pairs of appendages present in the Cyproidea posterior to 
the mandibles, in number four pairs, are divided variously be- 
tween month and legs." This tribe embraces two families, only 
one of which is represented in our locality, and aside from the 
, general characters of the oceanic family we most confine ounelve* 

to the other. 

FAMiLT I. Cyprlda. Dana. 

Characlers. — Antenne of the second pair subtetete, three to flve-jointed. Han- 
dibles two-branched, the main branch or body, denticulate at 
the extremity, the minor branch, or palpus seveial-jointed, palpus 
remote from the ap^ of the mandible; eyea with their pigments. 
umted, minute, vrith spherical lenses. Feet either two cv if 
more, slender and pediform. 

BUB-PAHELT I. CTPBiN*. Dana. 

Bibliography.— Cj^ria, Muller and others. 

Cyproides (in part) M. Edwards, Hist. Nat. Crust, 
Cypridffi^in part) Baird, Trans. Berw; Club, ii, 153. 
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Cjpridxe, Baird, Brit, Entomost, p. 130. 
Charaeters. — Peet, two pun; anterior slender and pediform, posterior weak; 

Abdomen elongate, bearing two clawed appendages. 
The CTpriuEe, in common with ali Qte members of tbie tribe are enclosed in a 
brittle, mussel-like shell which hides &om view, in general, all of bod; and 
members, except tlie extremities of the two pain of antemin and a pair of feet. 
They Tar? in uze &om an animal of. saSdent size to be easily watched with the 
naked eye, and resembling a small Unto in shape and color, to creatines so 
nunate that it is with the greatest difficulty that the valTes of the shell are 
lemored without destroying the parts within completely. This peculiarity of 
these WT^M" renders them among the most difficult in alt ihis order to study. 
The shell is usually opagae, and sometime beautifully colored and fringed. 
Whai, however, the soft paria within are separated fiom the crastaceons envdope 
the beanl? and peculiarity of the structure well repays the student. The shell 
is composed of two Talres, which are only united for a short part of the doraal 
margin, and which are held together by muscles which are under the control of 
the animal. These valves are symetrical with each other in general and are 
covered by a sort of varnish, which seems to repel the water ae that when the 
creature takes air within the valves of the shell, and hence floats upon the 
surface it is impossible to cover it with water to prevent the glitter from the 
snr&ce, while the air within prevents, by its refraction, a view of the interior 
in SQch as are transparent. On removing the shell the body is seen te consist of 
two parts, of which the anterior, or cephalothorax, is considerabty the larger 
and is furnished with organs as follows: first, the eye, sitoatod on the upper 
portion of the antenor aspect, which, according to Biurd, has no crystallines. 
By Dana, however, two lenses aredeambed; second, the superior antenoK, which 
are in general seven-jointed, and setigerous. These organs are alwi^ kept in 
vigorous motion when the animal swims. The setie are sometimeB plumose ; third, 
the inferior antennas. These are more like feet than antennte and are five-jointed, 
and in one genus abundantlr covered with (sometimes plumose] set«e. In all 
they are famished with strong claws at the extremity) fourth, mandibles, which 
are composed of two parts, the main portion constating of a triangular plate 
t«nninatingbelowinacurvedneck, bearing at the end a number of teeth. From 
the base of the neck arises a second portion, which is three or four-jointed and 
setigerous. From the end of the first joint of this palpus springs a small plate 
(branchial?) which has several fine filaments; fifth, first pair of maxill». These 
Mgaus consist of a basal portion and the proper maxdhe wtiich are of two rami, 
each nuuus being fiuilisbed with sette. There is tdso an attached branchial plato 
extending within Uie shell directed upwards and backwards; sixth, maiilUpeds. 
These organs vai7 in Cypris, As figured by both Dana and Baird, they are of two 
rami, or have a "maxdlary process," but m the species of Candona here figured 
th«y seemed te resemble the maiillipeds of-the Cyohpoidea; seventh, first pair of 
feet. Theae are five-jointed and terminate in a Strong hooked-claw which is 
directed forward, opposing the second pair of autennee. 

llie second portion of the body or abdomen has but two sets of appendages, 
which are the second pair of legs and the caudal stylets. The second pair of legs 
are slender and tbur-jointed, and are directed tockward along the abdomen. 
The candal appendages are long and terminate in two claws. The anus opens' 
between tbem. Of the other organs Uttle or nothing is known. Baird was in 
doobt whether they were hermaphrodites or one copulation sufficed to render 
the mother and her ofispring fertile for life, as in Daphnia. I have, however. 
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obBerred copulation in Cypria, and the peculiar orgsna represented in tbe plate 
of Cypria aeem to be reetricted to the male, so liiat it a certain that the eexee 
are distinct. 

These minute creatures moult frequently, casting off in the process the minu- 
test hairs as well as the shell. 

This snb-faoiilf coatains two ^neia, both of which are represented b; a few 
abundant species wifhm our limits. 

QENUB 1. Cjrprifl, MuUer. 

Characters.— Anteante of the second pair fumished at the end with a bundle of 
long haiiB, by means of which the anunal swims freely in the 
water. The stmcture isthat of theaub-femily. 
It is very difficult to characterize the "pedes, and it will be necessary to rely 
chiefly on the figures, since there is little variation in internal structure b 
the species. 

Oyprh vidua, HuUer. (7) 



—Bote, Man. d'Hist. Nat. Crust 
—Dtimaresl, 385, t. 55, p. 4. 
-Baird, Trans. Berw. Club, ii "' 



M. Edwards, Hsst. Nat. Crust., lii. 399. 

Monoculus viduus, Gmelin, Linn. Syst. Nat., 3002, No. 42. 

Manuel, Enc. MSth., vii., 726, No. 36. 

■ Jurine, Hbt. Nat. Monoc., 175. 

' Rees, Cyclopedia, art. Mwioo. 

Monoculus viduatus, Fabridut, Ent. Syst., ii, 496. 
(I here ^ve Br. Baird'a descriptiou verbatim for comparison with the figure.) 
ZJesmfrfion.— "Shell of oval f<am, a little sinuated on the under margin, and 
beset all round yrith dense, fine, short hairs. The color is dull white, and the 
valves an distinctly marked with three bli^ somewhat waved fascis runnint; 
transversely across the ebell at equal distances, the most anterior of the three 
being smallest. Posterior margin rather narrower than anterior." 

Thb spedes, if it be the one figured beyond, is the most abundant of this 
ikmily here, inhabiting aU the pools and lakes. It is quite small, appearing as a 
small speck, either floating on the surface or swimming rapidly about, with a 
sort of r unnin g motion, reminding one of the hs«te of an eidtable man, in ita 
seeming uncertainty and briskness. In figure 1, the shell is represented as trans- 
parent, to indicate the position of the organs. The size and shape of the dark 
bands upon the shell vary in different individuals. 
{See Plato No. XVII. flgi 1.) 

Ofprli neglects, Herrick. 

This spedea is apparently different from any other which I have seen desoibed 
Tba size is very small, little ezceedmg .01 in. in length. The shape is, as seen 
from tlie side, a rerj perfect oral, not tinuato t>eloVi but narrower poeteriorly 
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than in fivnt. The lower edge oi' the shell la nttier straight, while the apper 
nanom behind, to form the more acatfl apex. The color ia doll white, without 
nmrlriiijfa of any kind. The sbell is wore gibbous than an7 of tlie other ape<ie* 
seen, and ia quite glabrous. 

The antennae and feet are not protruded as far aa in vidua. This Bpudet is 
^w> abundant. 

Plate No. XVII. &g. 2. 

OEMue Oandona, Baird. 

Baird's Brit. Entomost., p. 151. 

Charaeters. — Distinguished from Cj'pris by the absence of the tuft of long hairs 
on the secondary antenne, and the consequent creeping method 
of locomotion, and, perhaps, by a, difference in the fbrm of the 
maxillipedB. 

Candona ornata. Henick. 

Resembles in size C. lacem of Baird, and is of somewhat the some shape. 
The lower posterior maritin is acute, the lower margin is ainnated and the whole 
ma^pn is beset with hairs. The edge of the shell is also bordered by a series of 
of markingsj the antenne of the second pair are totally without setie as lar as 
ofaoerred; the shell is white and opaque with pearly lustre, lliis species is not 
very gibbous. (See Plate No. XX., Fig. 1.) 

Candona (?) alongata. Herrick. 

Shell leniform, very el<mgate, white, ^brous; the umbones of the valvea are 
about two-thirds the distance from the antenor to the posterior dorsal mai^fin; 
the portion of 4he shell anterior to the prominence thus formed is narrower than 
tlie posterior. It is questionable whether this be a member of the genus 
Candona or in reality a Cypris. The animal is quite large and the structure was 
more clearly matle out than in the above. The same pair of bodies seen in the 
male Cypris vidua was found in this animal, the form of the maxiUipeda, more- 
over, was found to differ from that given under the genus Cypris by Dana. It 
is to be hoped that some one may be able to devote a litUe patient study to this 
group and clear up the habits and strasture as well as the history. 



eUB-rAMILl II. CTTHBBIH^. 

Cytheridse, Baird, Brit. Entomostraca, 162. 
CharaeUrs.—'SwA six, all slender, alike and pediform. 
Otnu» 1. Cythere, MuUer. 
Shell thin and light, tail short. 
Genug 2. ■ Cythercis, T. B. Joneg. 
Shell corrugulate or tuburculate, ani 



Hiit ftuuily inclods two nib-fiunilies and three genera of ooeanic ipecdea differ- 
ing in almost all the organs from the above. 
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AKKCAL BHfOBT. 
[B-OBDKK PHYLLOPOOA. (sig. Leaf-footed.) 



—M. Edicarda, HUt. Nat. Cniat., iii., 351, 
—Dennarest, Consid. Gen. Crust., 367. 
—J. E. Gray, Synops. Brit. Mus., 1842. 
—Burmaster, Orgaoiz. of TrilobitCB, 34> 



Lucat, Eiplor. Sc, de I'Algerie, CruBt., 81, 

Phyllopa, LatreitU, Cut. Rfigne Anim., IV., 171. 
Branchiopodes Lameliipedes and Branchiopodes, Geang (in part), 
Lamarck, Hiat, An. S. Vert., V, 
Ctmradera. — Number of abnormal feet ttreatlj multiplied. 

TBIBB I. ABTEMIOIDEA. 

Family 1. — ArtemiodEe (Branchipodidee.) 
Family 1.- Nebaliads. 

TBIBB II. AFODOIDBA. 

Family 1. — Apodidse. 



Family 1. — Limnioide (EstiieridiB, ?) 



Bibliography. — Branchipiens, Edinarda. 

Branchiopoda, Leuek. 

BranchipodidiB, Baird. 
Characters. — Cephalothorai manj-joinWd, either covered by the carapace or 

not. Appendages of the cephalothoiax many, fohaceous and 

brauchiform. Eyea peduncled. 
Artemioidea includes. Chirocephal-as, ( Branchipus) Eulimene, Artemia, Bran- 
chinecta, Eubranchipua, Slreptoctphahi's, Nebalia, efc. These a^ree in havint; 
peduQcled eyes, divided postetior thoracic le^ arid a straif^ht abdomen termi- 
nated by spines or plates. This tribe in quite naturally divided into tbe two 
families of which Nebalia coustitutea the oae, while the remaining genera fall 
quite readily into the other. 

f AMiLT Artemisda. 

Bibliography. — Branehipoda, Leach 

Branchipiens, Edwards. 

BranchipidEe, Burmeister. 

BranchipusidEB, Baird, 1845. 

Brandiipodidfe, Baird, later. • 

Most modem aulbors. 

Characters. — Cephalothorax many-artieulate as fer bb the head, but nowhere 

covering the body. Feet ioliaceoua and numerous. 
Dana subdivides thiafaraily,formingot' the genus Eulimene, which has twenty- 
two branchial feet, the sub-lamily Eulimeninte, leaving Chiroeephalus, Ariemia, 
etc, as the 
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BUS-FAHCLT CHIROCKPHALIRA. 

CharaeUrs — Body ilender, abdomen long aaA many jointed, autennn of the 
second pair in the female very abort and broad, while those of 
the male am prehenuble. 

OBNUfl Ohlroosphalu*. (Si?, hand-headed.) 

BaiiojjmjiAy.— ChirooephaluB, PrevoH, Jour, de Rhys., Ivii., 37, 1803. 

Thompgon. 

Branchipas, M. Ediearda. 

LatreilU. 

i DtsmartH. 

Giurin. 

Lamarek, etc 



Cancer, Sttaio, 
Some member of thia sub-family was found, during the autumn months, i 



pool by the road-dde but no accurate drawings were made and attempts tii 
le-discover it have fhiled, so it remains uncertain wtiat spedee it was. A fifrure 
ia given of Chiroeepkalua diaphanut and the following diacription, mostly tiom 
Dr. Baird's work, will serve both for a better understanding of the genos and 
for comparison, when other specimens are obtained. 

The head c«na:stB of two segments, the posterior of which is more slender 
ttm^ the anterior, and is usually called the "neck." 

The antennce are very importwit in the whole group, as furnishing bnsis Ibr 
classification. The guperiot anteunee are alike in male and female, and are 
filiform, straight, many-jointed, and very flexible. At the extfemity are a numt)er 
ol' small sette. The joints of these antennee are with difficulty seen. The length 
equals the head. The inferior pair of antennce are curious organs, from which 
the genus derives its name, and have been nuatahen for madibles and various 
other entirely different organs. 

They are essentially prehensile organs, and conaist chieBy of two large appen- 
dages, which occupy the forepart of the head, and are curved downward toward 
the thorax. They are articulated about the middle of their leuj^j the first joint 
being large and flcahy and having a short, movable, conical appendage on its 
externa] edge; the second bemg curved, cylindrical, somewhat flattened at its 
exteemil^, and bearing a strongly tiMthed process at the base. 

Arising from the base of the first joint of each of these appendages is another 
set of organs, colled by Shaw "thetruuk." These each consist of a long, fiat, 
carved, very flexible body, composed of many short joints the edges of which are 
acute, giving a toothed sppearance te this organ. From the outer edges of these 
arise four long and flexible appendages, which sj« toothed near the end, and 
also a triangular plate which ia folded like a fan when not in use. (This is 
removed in fiigure b of plate 1, but shown at d.) These organs are generally 
csfried rolled under the bead, somewhat in the' manner of the proboecis of a 
butterfly, being only visible externally as a protuberance. 

These prehensile organs are used in retaining the female during copuIaUon. 
In the female they are much more simple, being simply two flexible, horn-like 
bodies, carrying none of the appendages which pertain to the male. 
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The eyes are large, convex and compound, and are situated on rather larfire 
peduncles, nhirh are movable; the mouth consisting of a labram, apair of man- 
diblM and two p^is of jaws. 

The thorax consists of eleven segments, each bearing a pair of branchial feet, 
vrhich are lar^ and foliat-eoos, and consist of three joints. The first is tbe larg- 
est, and has on its lower edge a semunrcular branchial plate, which is furnished 
with about forty plnmose bairej the second joint of the feet beats on ite inner 
side Uiree projectiong, each of which i^nds off long hairs; the third joint is long, 
bearing plumose setse. 

The abdomen is composed of nine segments, which ate devoid of appendages, 
except the two terminal plates, which are beset on their edges with plumose set». 
In the female there is an external oviferouii pouch. 

The dorsal vessel or heart, commences near' the bead, and baverses the whole 
length of tbe b»dy. When fully grown it is upwards of an inch in Iraigth, slen- 
der, of a oylindricol form, and nearly transparent. The male baa a reddish tinge 
tbronghoot. Tbe tail is of a beautdfiil rcdj the basal joint of the prehensile 
antennte a blnisb green Idpped at the end with red. 'Xtie back of the female is 
bloish, and tbe ovary brown. 

These are beaatifal animals, and may be seen in fine weaUier balancing them- 
selves, near the surface of the pools they inhabit, by means of theii branchial 
feet; but when disturbed they strike the water from right to left, and dart away 
like a fish, te conceal themselves among the weeds at the bottom of the pond. 

oEKus BranohinecU. 

CharactWB. — Form rather slender, with the medium appendages longest, so as 
to somewhat resemble Artemia in onUine, bnt larger; male with 
rather slender, rounded, two-jointed claspMs. Egg-pooch mnch 
elongated. 

aEMUB Eubranohlpus. (Terrill.) 

Characters. — Body robust; made with large head and very stout claapprs; fin 
joint of daspers much swoolen, capable of retracting basn 
portion of llie second joint into their cavily; second joint stout 
at the base, in the typical spedea vrith a large toodi on the inside, 
the outer portion tapering, rather obtuse. Front of bead 
between the ctaapers bears two Uun, flat tapering appendages. 
Caudal appendages long, Egg-poudi short and tliick. 

OEMUB Streptooephalu*. (Baird.) 

Charaelers. — Hole daspers long, tliree- join ted, tortuous; terminal point sub- 
divided more or less inte two branches, or bearing slender ^>- 
pendages. Hale organs long and slender. Egg-pouch elongate 
or conical. 

asnva Artamia. 

Bibliography.— Artetnia, Leaeh, Diat, Sc. Nat., XIV. 

Artemisus, lamark. Hist. An. 8. TerL (2d edit.) 
Artemis, TAompsort, Zool. Bei., 104. 
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C^raettft.—Clnspiag organs Ume-jointed; ejt^ponch short, broad; lirina: in 
, mora or len saline waters. 

The memben of this genos, which will be often refeired to, aie pecoliadj 
interesting from the waj in which they show Uk great snd sudden changes that 
a durnge in the iimiraimeDt, is competent to effect in animal forms. 

Three spedes are known m the United States, one of which is foond in the 
east^n states, another in Utah, and still another in Califbmia, vizr graeilu, 
monica, and fertilia. 

SUB-TAUILT EULEKBIIIN.S. 

CAorweter;,— Abdomen abnost obsol^; both pairs of antennn filiform. 
OHHUS Eullman*. (LalreilU.) 

FAMILY HKBALTD^. 

CkaraeUrs. — AntemiE large and ramifonu; eyes peduncled; feet twelve pain; 
carapax laige, endoaing head, thonu and part of the abdomen, 
as in a bivalve shell. 

(iKNUB Naballa, 

BSMography. — Nebalia, Leach, Thompton, Damarett, LatrHUt, M. Edtoard$i 
Base, Lamarck, etc., etc. 
Cancer, O. Fabrieiue, Htrbtt.. 
Honocolus, Montagu. 
H;ses, OlMer. 
Being the only genus in the family, the above character also characterize the 

TKIBE U. A^HODOIDEA. 

Bibliography. — ApQsiens (in part), tEdmardt. 
ApodidfB, Burmeiater. 
Baird. 

Charactera. — Body straight; cephalothorax coveted by a scutelifbrm ahellj pos- 
terior appendages of the thorax lamsDiform; abdomen many- 
jointedi eyes sessile. 

FAKILY ApodldB, 

BMiogi^phf.—Apw, M. Edwards, Hist. Kat. Crust., iii., 356. 

Fhyllopoda. Leach, Edin. Encyclop. Vll., art. Cmstaceology, 
Apodidffi, Bitrmeieter, organization of Trilobites, 34. 

Charaelera. — Of large size, with a rounded carapace partiaU; covering Uie base of 
the atidomen, which is elongate and ends in two many-jointed, 
caudal filaments 1 about sixty pairs of swimming feet; antennte 
rudimentary; fiist maiillipeds antenniform. 
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ORMCfi Apui. (Sig. witiiout&et) 

BAliographj/.—ApaB, (see above for fiunily.) 

MOQOCuliu, Linnatis, Fdbriciui. 

BinoculuB, Gtqffroy, Ltaeh. 

LiiiiuluH, iiviUr, Lamarck. 

TrilopM, Sehranh, 
CAanict«r«.— Antenniform maxiUipeds long; telson squarish. 

GEirus Lepldurus. 

Charaettri.—'BoAj much Bfaorter than in Apua. First tnasitlipeds shorter, sod 
a long, Bpatolate, keeled telson projediiiK befond the ijuertiaii 
of the caudal filomeuls. 
Query — Shoald not this be reunited wiUi Apua f 

TRIBE III. LIITHADIOIDXA. 

Bibliography. — ApuaieuB (in psit), Edwards 

CharacUTM. — Body covered completely b; a caiapace which inclndea abdomen 
and head; eyes sessile, like Cyproidta in appearance. 



Charaeten. — Shell email, round globose, without lines of growth or umbooM; 
feet-beating sesmeutB t«n to twelve. 

OBKue Limnadalla. 

(Uncertain. The spe^es upon which it was founded are not now known.) 

GENue Estharla. 

Bhell oval, more or less globose, Cytliu-like with numerons lines of growth, 
amber-colored; uiinml without a "haftorgan"; second autennee, with fiom 
eleven to seventeen joints to the flagella; from twenty-Gve to twen^-eeven s^ 
ments behind the head; feet twentj-fout to tweotf-eight; anterior £nt in tbs 
males with ctums; hooks. 

oBKua Llmnidli. 

Shell large, with four or five Unee of growth, sab-triangalar or broadly orate ; 
animal with a knob-like projection ('"V/''<"?'>'>'V above the eyes; second ante nna 
vitb nine or ten joints to the flagella; leet eighteen to twenty-six; body mnch 
■mailer than in Etthtria. 
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j3Bnus Cyzlout, 

(Sm not familaj with, any description of the jieneric chanidera.) 
Remarks on the Sub-Order. — ^The species of this sub-order are scattered lather 
sparingly over the world, and m^y of them are dependent on peculiar circum- 
sbancea for their perfect development. aaintliecaEeof^rtemta (or Brine Shiimp) 
which is found in the wat«rs of salt lakes and in the btine tabs of salt manu- 
factories. 

Of the family Artemiadw several spedes occur throughout the United States. 
No Chiroctphaliis haa been found west of tie Rocky Mountains. Artemia occurs 
in many places, as, one in Great Siilt Lake, one in Mono Lake, California, and 
one in the eastern U. S. The genus Branc^viectoewhich has a representative in 
Greenland and in Labrador, has also a species in Colorado, 12,800 feet iibove the 
sea. I am not informed that an; species of Nebalia occurs in North America. 

The tnbe Limnadioidea is without a known represeniative east of the Missis- 
sippi and north of San Domingo. But in Greenland and Uie arctic repons, 
Lepidurua glacialia is found. West of the Missisaippi and east of the Rocky 
Mountrlns are tbree species of Apus. and there has been another found on the 
Pacific, at Cape St. Lucas. Geologically, the genus is found in European rocks 
in the Triassic, and our own rocks will probably famish species. 

In the Phyllopoda the abdomen and thoras are merged together, and in all 
but the family Artemiadee, there is a large carapace covering most of the body. 
In tlie lAmnadidm this shell is large and double, .and resembles the small Cyclas- 
shells of irissh water, and are often collected by Couchologiete a^ such. The eggs 
are round or polygonal, and are dense and tough-«helled. The eggs are carried 
in an ova-sack similar to that of Cyclops, or in the lAtnnadiadce. They are borne 
under the shell, as in Daphnia, etc. The young, as in other Entomostraca, 
hat<m from the egg in the " Nauplius etaxe" described more particularly under 
Cyclops. The difference between the sexes is usually sharply defined. The pro- 
cess of reproduction is very iuh^^eBtiug in many species of this sub-order. The 
normal method of reproduction is perhaps less common Qixa what is known as 
parthenogenesis, or virgin reproduction. The eggs are produced by a simple 
budding process irom the ovary, without fertilization by the male. -Tnepropor- 
tion of males to females is very small. In some localities the males are entirely 
absent. In Artemia the amount of saline matter in water seems to vary the 
comparative number of males. This affoi-ds a curious parallel witb the sexual 
change in the pupa of the honey bee. The saltnesa of the water not only aifecta 
the joang, the fbrm of the parent also varies. Schmankiewitsch found n^ 
Odessa, Russia, a species of Artemia, and by studying it discovered that it 
changed its form to correspond with the greater or less saltness of the water. 
Toward the end of the summer, when the rain and cold weather set in, the 
Artemia increases in size, and the J uly generation has many differences from the 
later ones. Ho then attempted to verify his observations by artificial breeding. 
He increased the concentration in one case and lowered it in the other, and 
found tixat after a series of generations the two sets of animals varied between 
themselves, and also both differed from thtwe of the pond trom which they came. 
He also learned that males were only produced in water of medium strength. 

In the genns Apus similar parthenogenetic broods are produced. Sielwld's 
eiperimente, which have beed made witti great care and minuteness, have estab- 
lished' this fact beyond dout)t. 
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There ia great need of fdrtber invaBtigatioa in tluB Bnltject, and we are glad to 
leom that it is about to leceire attention froin bo competent hands as Dr. 
Packard'*. 

The systematic podtion of the sub-order is still a matter of doubt, and it is not 
jet possible to make any positive dassificatioo of the divisions of the £nlo- 



(See Plates XVIII. imd XIX.) 
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ADDENDA. 



Since these pages were written the BuUetms of the lUiDois UoBeum of Nat, 
Hist, have come under m; notice, which, aside from other iuterestine: matter, 
contain descriptions of many new apedes of Crustacea inhabiting (Jie water of 
that state. Fine descriptions ai« given of the following species of Entomostraca, 
to which the student is referred, viz: 

Subranehipua aerratus, Forbes. 

Canthocamptua Iltinoiaensis, Forbes. 

Diaptomus Sanguineue, Forbes, 

Eidn-anchijnts Bundyi, Forbes. 

In Bulletin No. 2, Prof. Forbes describee or mentions the following: 

Euryeercus lamillatua, Mull.? 

Bosmina, sp.? 

Ceriodaphnia angulata, Say. 

Daphnia pulex, L.? 

Daphnia galtata, Sbib. 

Later strady shows tiiat there is yet much to be done in simply verifying the 
Bpedes which occur here, not to mention the ever remaining opportunity for more 
minnte study of the structure of known tbrms, for aside froni the whole genuB 
Cyeiopa, which has not yet been attempted, andcootains Bumerous species, new 
species are constontlT being met with, among which are those described beyond . 

FAMILY PBHILIDAI. 

Qenut DaphnelU. Baird. 

Bibliographi/. — Daphsella, Buit^, Brit. Entomost., 809. 

Dana, Wilkes" Eip. Crust., page 1267. 

Another member of this interestdng family has been fbond since the text was 
Knt to preas. 

The genos DaphmUa is characterized by Dana as follows: Posterior antennae 
with boHi rami two-jointed, the shorter ramus often imperfectly three- jointed : 
Head oblong, not produced beneatb, bearing the anterior antemue near the 
middle. Daphnella diCFers from Sida, which it greatly resembles, even in 
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minate etrncture, in the number of joints of tho antenDEB and horn Pmilia, in 
h»m)f the first joint of the loniicer ramuB shorter than the second. 

The branch which ie three-Jointed in Sida v» not the one which has the short 
terminal joint. 

Dnphnalla Winohalli. Herrick. 

Thia spedes ciosel; resemblea D. Wingii, Baird, but I have no[hesitation in 
pronoundng it distinct. Length .03 in. Head rather short. Carapace pear- 
shaped, transparent. Superior antenna short, but appearing on either side tbe 
head when the animal ie smmmiiiK, they appear to liave three sets at the 
extremity. Inferior antenme very long, as long as body. The Bhort«r ramaa 
baa four sets on the terminal joint and one on the first, while the other ramus 
carriea eig-ht on the terminal joint besides one that is much shorter than the 
others, and the first joint has four. 

The tail has long diverging stylets, and seems not to have the minute teeth of 
the D. Wingii. The posterior portion of the hxint ot the shell-margin is ciliated 
or spined. The back of the head seems to have the same appendage described 
in Sida. Ova two. Thia species was found in Mionetonka cre^ and is named 
in honor of Prof. Wincheli. 

FAMILY POLTFHRUIDA. 

Qenui Polyphemui. Mnller. 

Bibliography. — Polyphemus, Muller, Cuvier, LalitiUe, Strout, etc. 

Baird, Brit. Entomoet. p. 111. 

Dana, Wilkes" Exp. p. 1266. 

Characters— Body incurved toward the head except the posterior portion of tha 
abdomen, which projects backward and is very slender, bearing two long spines 
at the extremity. Head distmct. Kami of posterior antenna three, and four- 
jointed. 

Polyphamut ooDidantalls. HerricK. 

Length .25 in. Body excessively incurved, as is the head. Eye large, filling: 
the head. Superior antennce apparently obsolete. Inferior antennn small. 
Jawa two or liiree- join ted, three-toothed at the apex. Feet, four pairs, first pair 
long, apparently four-jointed and three-clawed at Uie end, basal portion ciliated 
on the postenor margin. Fourth pair of feet neariy rudimentai?. The abdo- 
men is very long. Found in " Mud Lake," south of Minneapolis. 

Euryoerous lamellatus. Muller? 

Several specimens belonging to Baird's genua Eurycerea* were found, and as 
far as can be determined they at« not specifically distmct from E. lemellatua, 
though they are less in size and have a few minor points of difference. 

I append his description, omitting the bibliography: 

"Shell of an olive color; rather square- shaped, ciliated on anterioif margin; 
ventricose in centre, and arched on posterior edge. Beak rather blunt and short, 
anperior antennce stout, somewhat conical, slightly curved and terminating in 
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iBXSi^DeStttchofwhicligiTCa'ootafiiiesdia. IiiEBri<»r aatemue dtort compared 
with the nze of the infect. Anterior branch has five lontt filameuta, tliree from 
the terminal, and one from each of the other jointa. The poateiior branch haa 
short spines on the two basal joints. Eye large. Abdomen veiy wide and 
densely ciliated. This is the largrest member of the family, its motion is a suc- 
ceasiou of boonds. This animal is heavj and slothful compared to other species. 
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Diaptomui longieomis, Eerrick.— Buk Tiew of tha fenale uti side Tiew of 
Qie male, a, basal portioa of ma]e anteniue Aowipg geniculatiiier joint. 
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MICROSCOPIC ENT0H08TRACA. 




7Tii~~XToo^Tc~ 
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Diaplomu* pallidut, Herrick.— Back new of female. (In this pUte the aiit«iuuB 
axe represented &! too short.) a, mazilliped. b, fifth pair of feet, e, 
extfenuty of male ant«imEB. d, extremit; of female antouiua. 
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UICROSCOPIO KNTOHOSTRACA. 
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PLATE III. 

Cydopt quadricomit, Linn.— 1, mature female with egg sacks conf^ninir ot». 
a, egg. b, yOQusr Just bom. c, young eig^t da;a old. d, young fifteen 
days old. e, young aerenteeti day* old. a', mandible, y, first pair of 
foot jaws. 2, side view of mature cyclops. 
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PLATE IV. 
Cyclops qttadncornia. Tar?— a, last pair of feet. 1, 2, 3, 4, 5, feet. 6, inferior 
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MIOROSCOPZC EirrOUOBTRAOA. 
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Plate IV. 



., CJooylc 



„Googlc 



„Googlc 



1, prtf. oeridentalin, Herriclc, male. 



e. external ovai^ and appendaj^ of teiitale. 

g, antennffi of female. 

i, foot of first pair. 

k, i4>peiida8e to abdomen of female. (Fifth pair of feet) 

h, fool of second pair. 
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mCROaCOPIO ENTOMOaTRAOA. 




Plate V. 
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late VI. 
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'■a cryttaUina, Stmua. o, 6, e, feet of flret, second and last ptun. i, jaw. 
e, extremity of abdomen. /, superior ontemue. 
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UICROBCOPZO ENTOUOSTBACA. 
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1. Daphnia rtHeuhta. a, ntperior aatomut, i, heart. 
$. Sida wfttaUdw. a, head. 
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Plate VII. 
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' PLATE Vni. 



1. Daphnia pvlex, var. 1. 
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Plate VIII. 
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PLATE rS. 

Fig. 1. Head of DaphniaadueSerighowiiiKidimeiitHT; appaniusete., antennn 
ramored. a, henit. 6, rtomadi. e, cmoam. i, mpeiior uitemuB - 
«, eye. /, labnun. g, jaw. ^, B, C, D, B, one of each pair of feet. 

Fig. 2. Soperior anteiuiB. 

Fig. 3. Poetnior portion of body. 
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Daphnia eelula. — 1, under vien. 2, side Tiew. 3, ycuog extracted ftarn. «gg. 
a, one of tbe sete from the antennte. b, jaw. c, base of the two rami 
of tlie Baperioi anteDnte. d, end ot abdomen. 
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Plate X. 



,Googlc 



D,.i,„cb,Googlc 



PIATE XI. 
Daphma vtMa, male and feaiale. a, jam. 
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Plate XI. Ckio^lc 
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PLATE Xir. 
Dapknia mucronata. a, head nud eje. 
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HICB08C0PIC BNTOICOSI^BACA. 




Plate XH. 



rTii~~~Coo^Tc~ 



„Googlc 



D,.i,„cb,Googlc 



1, Daphnitt gpinoaa, Eemck. 
3, Lj/neeuf iphwrieui. 
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Plate XIII. r~~rCoogIc 
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PLATE XIV. 
Maerothrix agilU, Herrick.^jTwo Tiewa. a, tail e| 
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Plate XIV. 
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1, Lyneeua maentmu, Muller. a, abdomen. 
H, Lynceua quadrangt^ria, Muller. 
, a, beak, b, jawB. c, end of ai 
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PLATE XVI. 

1, Botmina longirotM». a, portion of shell, superior an ten niuv 

2, L\/Hreu8 sp. ? 
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PLiTE XVIL 



1. Cyprii vidua, MuJter. 



2. Cyprii neglecta, Herrick. 

a, testicle, h, maxilla, c, caudal stjlete. d, inferior a; 
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Plate XVII. 
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PLATE XVIll. 

Okirotepkalus diaplianus. a, head of female, b, head of m 
removed, c, head of male, d, appendage of claspers. 
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Lu.i,..= ., Cookie 
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PLATE XIX. 
tfebaliti, Streptocephalue, Artemia, Apua, Estheria and lAmneles. 
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MICROSCOPIC ENTOMOSTHAOA. 




Plate XIX. 
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PLATE XX. 
3. Candona ornata. 2. Candtma eUmgala. 2a, testicle? 
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mCBOSCOPIC ENTOUOSTBACA. 




Plate XX. r,,„..XA>03lc 
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PLATE XXI. 

1. Dt^ktuJh WinehtlU. la GmlnTo. 2. Side view of lame. 

3. Poli/phemuM oeeidmialU. 3a, lit paiiof feet 3S, 3d pair. 

4. EutT/etrcut imnUatHtf ia. foot. 46. jaw. 
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ERRATA. 

• 
The last line on page 13 should be trtmsferred to be the sixth line on page 14. 
Oq page 19, line 23, for non-dUeovery read dtaeovery. 
On pa^ 119, 7th line irom Hie bottom, for neared read nearer. 
On page 24, last line, insert they. 
At vatiouus places in the catalogue of specimens for lAiiomile read Limonite. 
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Feb. 18, 1880. J 
To the President of the University : 

Deab Sir — I herewith tranamit the Eighth Report on the 
progresa of the Geological and Katural Hiatory Survey of the 
State. 

Very reapectfully your obedient aeryant, 

N. H. WINCHELL. 
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REPORT. 



I. 

SUMMARY 'STATEMEIT. 



The season's work was begun by the detailed examination of 
Goodhue county, and of a portion of Wabasha — occupying about 
six weeks. The field-work was then transferred to the northern 
part of the State, where a special survey was made of the valley 
of the St. Louis River from Fond du Lac to about three miles 
above Knife Falls, covering the region of the Dalles and the water- 
power of that stream, and extended to some of the confciguoiis 
country. It was in July and August that another visit was made 
to the various points on ihe Lake Superior shore, that were shown 
by the examinations of the preceding summer to possess special 
interest, between Duluth and Pigeon River, Many extra speci- 
mens were obtained, and additional observations were made. A 
number of photographs were obtained of points exhibiting pecul- 
iar or typical geological features. This trip was extended to Sil- 
ver Islet and Isle Royale in the small boat belonging to the survey, 
for the purposes of comparative study and the gathering of speci- 
mens. In the fall two inland expeditions were made from Qrand 
Marais, — one occupying about ten days, and the other about six 
weeks. These, with the interior explorations of last year, so far 
as they covered that part of the State, may be said to carry the 
enrveyed area in the northeast part of the State as far west as 
to Poplar river, though there are some points on the npper 
waters of the Cascade river that will still have to be examined, 
lying east of the Poplar river, while also a considerable area west 
of the Poplar river has been examined sufficiently. 

In addition to the foregoing, which has been the personal labor 
of the writer in the field, the survey has made steady — and in 
some cases rapid — progress in other directions during the year. 
Mr. Warren Upbam, late of the New Hampshire Geological Snr- 
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Tey, has been occupied nearly the whole season in studying the 
geology of the drift-covered counties in the central and western 
portions of the State, with special reference to the topography, gla- 
cial geoli^y, and economic resources of those counties. With a 
horse and wagon he has traveled about 3,300 miles, and has in his 
note-books the necessary data for reporting in full on twentytwo 
counties, or an area of OTer sixteen thousand square miles. 

Prof. G. W. Hall spent the summer vacation in making collec- 
tions of animals and plants on the Minnesota shores of Lake 
Superior, in company with Mr. Thomas Roberts, a student of the 
University. A catalogue of species of birds noted by Mr. Roberta 
accompanies this report. This catalogue will be extended to 
cover species collected since the beginning of the survey, as oppor- 
tunies have arisen. 

Mr. C. L. Herrick has been mainly unengaged during the year, 
but in the fall he aided Mr. Hall in sundry work connected with 
the Museum. 

Prof. Peckham's report on the analysis of iron ores from dif- 
ferent points in the State accompanies this report, and Dr. P. L. 
Hatch makes an annual statement of progress in the ornithological 
section. 

At different times during the season the field parties of the 
survey have been accompanied and aided by the following gen- 
tlemen, viz.; Prof. H. B. Wilson, of Red Wing; Prof. George 
Weitbrecht, St. Paul; Rev. C. M. Terry, Minneapolis; Prof. Jabez 
Brooks, of the University of Minnesota; and Messrs. A. P. and 
D. D. Brooks, students in the University. 

A report on operations in the Museum accompanies this, giving 
a list of recorded additions to the specimens, and the exchange of 
duplicates. 

Thesurveyhas again to acknowledge the generosity and courtesy 
of President John P. Dsley, of the St. Paul and Duluth R. R., 
and Supt. Ghas. F. Hatch, of the Minneapolis and St. Louis R. 
R., for free transportation on those roads respectively, for the 
various members of the survey, and to the Mayhew Brothers, of 
Grand MaraJs, for the use of a building for the headquarters of 
the different parties of the survey while at work in that part of 
the State. 

The editions of the first, second and third annual reports of the 
survey have been for some years exhausted. They were very 
small. With the publication of the fourth report the edition waa 
increased by act of the Legislature to 1,000 extra copies. There 
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are frequent inquiries for the first, second, and third reports by 
citizens of the State, and by parties from abroad. These requests 
cannot be complied with, but, so far as possible, all reasonable 
demands for the reports are supplied. With the continuation of 
the survey, and the publication of its results, the demand for the 
earlier reports constantly increases. It is suggested that the first 
three reports might be reprinted in one volume. The three reports 
leather contain 300 pages. 



3vGooglc 



EIGHTH AJOTOAL REPORT. 
II. 

IITHOIOGY. 



The State of Minnesota possesses the widest range of litholoi^- 
cal featnres. Ita rocks show nearly all the mineral changes that 
have characterized the strata of the crust of the earth, and nearly 
all the crystalline and non-crystalHne conditions and rariations 
(excepting the post cretaceous trachytes) that are to be fonnd in 
the United States. Owing to tiiis great range in their natural 
history, the study of the strata becomes one of great interest and 
value. This is trne both in an economical sense and in a scien- 
fic point of view. The mineral associations which are known to 
accompany the existence of the useful and precious metals, the 
importance of their complete elucidation by the most exact 
methods, and the need that these examinations shall supplement 
the field obserrations, alike demand of the survey the full and 
searching scrutiny which modern science can give, and which 
alone will subserve completely the object for which the survey was 
instituted. 

A large amount of field observations have been made, and many 
specimens have been gathered, the outward appearances of the 
formations have been carefully noted down in the field books, and 
annual reports of progress have dealt largely with these outward 
aspects. In view of the contemplated publication of the final 
volumes of the survey, it becomes necessary to devote a portion 
of the time available to the laboratory work necessary for these 
nicer investigations. The fossils of the sedimentary formations, 
the Silurian, Devoniau and Cretaceous, must be named and cat- 
alogued, and the mineral composition of our crystalline rocks in 
the nothem part of the State must be ascertained. The methods 
of paleontological study are familiar to the geologists of the United 
States, and are well known to the people by the publication of 
numerous fine volumes by the State Governments, and by the 
United States; but the determination of the crystalline composi- 
tion of the older, non-fossiliferous rocks, hy the most exact and 
the most direct methods, is a science which is of recent birth. 
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The proTisional determination of the minerals constituting a rock 
in the field, by the use of the pen-knife and the pc«ket lens, is 
often found to be erroneous when they are subjected to more 
careful examination. Indeed the minuteness of the vanoa» 
grains is often such that they cannot be separated from the mass 
even for individual chemical analysis, or blow-pipe examination. 
The only tecoutse was to perform an analysis of the rock in mass. 
This gives the aggregate amount of the various elements, as 
calcium, aluminum, iron, etc., but the manner in which these are 
combined, or what minerals they form, is still wholly conjectural. 
It is to the microscope we are indebted for the means of ascer- 
taining the mineral composition of rocks, however fine, or to 
whatsoever extent they may have been changed by natural causes. 
Indeed, great changes in the rocky structure of the earth, long 
discussed with vague uncertainty, are fully explained by the 
microscopic phenomena of their mineral contents. It is pro- 
posed to give a brief resume of the methods of microscopic 
litbology, as an introduction to the results of the work that is 
now being carried on in the laboratory of the survey, and for 
preparing the way to the more advanced statements of the final 
report. These methods are applicable especially to the crystalline 
rocks — such as, having been once in a sedimentary condition, 
have been heated, pressed, dissolved, and then recompounded by 
crystallization, according tu the laws of chemical affinity into 
mineral species, such as the feldspars or hornblendes. They apply 
with special value to the rocks known as Igneous, as these, on 
cooling from a molten condition always crystallize, unless the pro- 
cess be sudden, when they take od the glassy state or become 
amorphous slags. A large part of the State of Minnesota is. 
occupied by rocks of this kind, while a still larger part is- occupied 
by strata, which, although not igneous, are yet in that perfectly 
crystalline condition that shows they have been metamorphosed 
from a former sedimentary condition, and the distribution of the 
various elements composing them has been wholly remodeled since 
their formation. 

The apparatus necessary for the microscopic examination of 
crystalline rocks is quite simple. Any method can be pursued to 
^nd a fragment of the rock to be examined to a thin slice; so 
thin that light easily passes through it, It may be done wholly 
by hand, but in the laboratory of the survey is one of Prof. A. A. 
Julian 's " lithologist's lathes, ' ' which is quite similar to a lapida- 
ry 's, having leaden and iron laps, rotating horizontally on which 
the fragment is to be held by the fiugers and ground with coarse 
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emery and water. The city water works of MiiiDeapoIis carry a 
presaure into the University which has an average of about 
twenty-five pounds, and this pressure is used to run the lathe by 
the use of one of Tuerk's hydraulic motors. The fragment is first 
ground to a smooth and even surface on one aide by holding it 
with the fingers on the rotating leaden lap with moderately coarse 
emery and water. It is then changed to the iron lap, with fine 
emery powder for smoothing the same aurface; and lastly, is pol- 
ished by band with "emery shine" on a piece of plate glass. 
This smoothed aurface is then washed entirely clean and ia firmly 
cemented by Canada balsam to a small piece of plate glass about 
an inch and a half square. The process of attaching it to the 
glass plate ia performed by gently warming and melting a little 
hard Canada balaam lying on the glass plate over a spirit lamp. 
In order that all smoke may be kept from the plate, and that the 
glass may heat evenly, it is laid on a thin iron plate, which is 
held or supported by tripod, over the lamp. When the balsam ia 
thoroughly liquified, without boiling, the smoothed surface of the 
ground fragment (itself also warmed by lying on the iron plate) 
ia pressed into the balsam and firmly held down on the glass till 
the balsam cools and hardens. No bubbles of air must be allowed 
to remain between the fragment and the glass plate. The other 
side of the fragment is now applied to the leaden lap and ground, 
aa before, till it is thin enough to begin to transmit light, when 
it is finished by grinding with the fine emery on the iron lap, and 
rendered perfectly smooth with the emery shine by careful rub- 
bing by hand on the glass plate. When it is finished it is so thin 
that it is wholly transparent, and its edge, lying on the glass 
plate, is hardly visible to the eye. The piece of plate glass, after 
thorough washing and drying, is again warmed on the iron plate, 
with a small fragment of hard balsam lying on the section. At 
the same time another fragment of hard balsam is warmed in the 
same way, and melted on a common microaeopic glass slide, the 
best size of which is 45x25 mm. When the thin section is loos- 
ened by the melting of the balsam, and the fragment lying on it 
ia liqui icd, a thin glass cover is placed on the section, and the 
section and cover, adhering together, are gently pushed off the 
glass plate on to the liquid balsam lying on the warmed glass 
slide in such a way that the section shall be embraced between 
the slide and the cover. By gently moving the cover, and press- 
ing it down, all air bubbles are excluded, and it is brought as 
nearly in contact with the slide as ia possible, with the thin 
section near the center of the slide. When it is suiEciently cooled, 
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and the balsam is hardened, the superfluous balsam is removed 
with a warmed pen-knife, or dissolved away with a drop of 
alcohol. The thin section, when cleaned again and wiped dry 
with a cloth, is ready for examination. 

The microscope necessary for this use is not yet made in this 
country. Several styles are made in Europe, particularly the 
stauroscopic microscope of Rosenbusch, and that of Watson> 
recommended by Mr. Rutlcy in his recent work, " The Study of 
Rocks," published in London. But a common microscope of any 
style can be easily changed, and the necessary attachments fur- 
nished, in this country. The Tolles microscope, belonging to the 
surrey, was altered in New York by Prof. A, A. Julien, and by his 
direction was supplied with the necessary accessories. The stage 
must rotate on an axis which is the same as the line of vision 
through the body of the microscope, and the edge of the rotating 
stage must have a graduated scale for determining the degrees of 
rotation. Below the stage is placed a Kicol prism for polarizing 
the ray of light that enters the microscope, and above the ocular 
is another for analyzing it on its emission. These are both pro- 
vided with graduated rims, so that on their rotation the degrees of 
change can be quickly read off. They are each also easily remov- 
able. In the eye-piece (A) are crossed spider-lines, so that the planes 
of vibration of the polarized light can be accurately adjusted in rela- 
tion to any angle, or any line of a crystal that may be placed on 
the stage. It is also necessary to have an accurate " centering " 
instrument, t. e., a nose-piece, adjustable in the lower end of the 
tube of the microscope, by which the line of vision in the center 
of the field can be made to coincide exactly with the axis of revo* 
lution of the stage. Mr. Rosenbusch's microscope has centering 
screws that move the body of the microscope itself. 

As minerals are produced by the combination of the elements 
(as iron, silicon, calcium) so the crystalline rocks are produced 
by tiie combination of minerals. The elements, however, com- 
bine with mathematical precision, and in accordance with definite 
chemical affinities, but the compounding of the minerals with 
each other to constitute the crystalline rocks, is very various and 
heterogeneous. A mineral species is definitely known and describ- 
able, but the rock compounds shade into each other, and can be 
subjected to only a general and broad system of nomenclature. 

The geometrical forms of crystals are so constant, that all min- 
erals having a crystalline structure are referable to some of the 
six systems of mineralogy. These are fully described and illas- 
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trated in the usual text-books and manuals of Mineralogy, of' 
which the chief in the English language, perhaps, are those of 
Dana.* These systems are as follows -. — 

ISOMKTBIC. 
TEiaAQOHAL. 

Hexagonal. 
Obthokhohbio. 
monoclinic. 
Tkiclinic. 

These have different optical characters in polarized light. j4mor- 
pAoMS, ornon- crystal line substances, like glass, do not polarize 
light, nor affect its nature after polarization. They simply refract 
it, or divert it from its original direction. The interior particles 
of crystals are arranged in lines and places, having fixed relations 
to the axes of the crystals, and when a ray of light enters among 
these particles it is propagated, or interrupted, or modified, accord- 
ing to the ease with which its waves can move among these planes, 
and hence emerges a polarized ray. The simple polarization of 
light does not affect its appearance to the eye, except to dim its 
brightness. Hence when the polarizer only, which consists of 
a piece of a crystal of Iceland spar, is placed below the stage of 
the microscope, the field still appears light, although a part of its 
waves were cut off by the polarizer; but when the analyzer, which 
is another crystal of Iceland spar, is also placed over the eye-piece 
of the microscope in such a way that its position is at right angles 
to that of the polarizer, the light is wholly interrupted and the 
field is dark. In the case of isometric crystals the axes are all of 
equal length, and their planes all interlere with the ray of light 
equally. Hence its waves are not separated nor differently 
retarded, and they emerge from such crystals without polariza- 
tion. Amorphous and isometric substances are thus simply 
refractive, or " single - ref racti n g, " and are called isotropic. 

In the case of tetragonal crystals the axes are not all of the same 
length, and the waves of light on entering such a crystal are pro- 
pagated with greatest ease in the direction of its longest axis. 
The vertical axis, which is perpendicular to the lateral axes, may 
be the longest, or it may be the shortest. The two lateral axes 
are equal, and they do not differ in the ease with which they 
transmit the waves of light. Hence a beam of light, on emerging 

•System nf Mineralogy- 1868. Text-Book of Mineralogy . ISTT. 
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irODi a tetragonal crystal, or a thin section of the same,* is sepa> 
rated into two sets of waves, or in other words, each wave is 
divided into two parts, one in advance of the other, and each set 
has the properties of polarized light. These sets advance parallel 
to each other, but the vibrations of the waves of the two sets are 
at right angels to one another. In the Nicol prisms one of these 
sets, known as the " ordinary ray," is so far diverted from its 
course before it leaves the prism that by an artificial combination 
of the parts of the prism it is wholly reflected and destroyed 
against the blackened sides of the prism. This leaves only one 
set of vibrations to pass through the prism, and they emerge a 
completely polarized ray. If a beam of light from the lower Nicol 
passes through a thin section of a tetragonal crystal in a direction 
parallel to the vertical axis, it is affected by the crystal equally in 
all directions, because the lateral axes, being equal and arranged 
symetrically about the vertical axis, allow the waves to pass in 
the same manner as an isotropic substance. If such a section be 
placed on the stage of the microscope and at the same time the 
upper and lower Nicol prisms are placed so that their planes of 
polarization are crosse^, the light from the lower Nicol passes 
unmodified through the section, but is intercepted by the upper 
Nicol, and the field of the microscope is dark. If the Nicols are 
made parallel, the ray passes through, and the field is light. On 
the other hand, if a beam of light from the lower Nicol is allowed 
to fall upon a thin section of a tetragonal crystal in a direction 
perpendicular to the vertical axis, it meets with different resistance 
in different directions, at right angles to each other, and is at once 
divided into two sets of vibrations. One set is parallel to the ver- 
tical axis, and the other is perpendicular to it. If, however, the 
direction of the vibration of the waves from the lower Nicol exactly 
coincides with the direction of the vertical axis in the thin section, 
the waves are not thus divided, but pass through the section 
unmodified. This is also the case if it coincides with the direction 
of the lateral axis, or is perpendicular to the vertical axis. 
Hence, if the Nicols are crossed, such a section, on being rotated 
between them on the stage, will be colored, by the interference of 
its transmitted light, in all positions except when the axes coincide 
with the directions of the Nicola, in which eases the light from the 
lower Nicol, being allowed to pass unmodified, is intercepted by 
the upper Nicol, and the field is dark. This occurs four times in 
making a complete revolution of the stage. If the Nicols are 

• Except it be Cn( perpendicnlar to the Tertical aiis. 
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parallel, there will be four positions, removed 90" from each other, 
in which the section will be light, instead of dark, and in all other 
positions it will be colored. 

Iq the case of hexagonal crystals, as their axes are situated with 
respect to each other exactly like those of tetragonalj i. e., each 
perpendicular to the other two, and the vertical longer or shorter 
than the lateral, which are equal to each other, their optical char- 
acters are the same as those of tetragonal. They can be distin- 
guished by the forms of their sections, cut perpendicular to the 
vertical axis. Tetragonal crystals thus cut have four or eight 
aides, but hexagonal have six, or some other multiple of three. 
Hexagonal and tetragonal crystals are called uniaxial, because 
there is but one axis in the direction of which they act as isotropic 
substances. It is that of the crystallographic vertical axis. 

When tetragonal or hexagonal crystals are examined in con- 
vergent polarized light, a basal section shows, at crossed Nicols, & 
series of rings of color and a dark cross. This convergent light 
ia usually obtained by special apparatus; but Mr. (Jeo. W. Hawea 
describes a method of examining crystals which have some con- 
siderable size, in convergent light in the common microscope,* 
when the analyzer is placed above the ocular. By removing the 
ocular and replacing the analyzer, the iield of view is made small, 
and the magnifying power of the instrument is destroyed; but 
the peculiar ring system and the cross bars are distinctly visible 
in many basal sections of such crystals. 

Mineral crystals belonging to the Orthorkombic system have 
three axes at right angles to each other, but tbey are all of different 
lengths. Light, in passing through such a crystal finds three 
directions, one of greatest ease, one of least, and one which is the 
mean of these. Hence, when a ray enters a thin section cut in 
any direction, it is doubly, refracted and separated into two sets 
of waves having their vibrations at right angles to each other. 
One set vibrates in the direction of the greatest ease of move- 
ment, and the other in the direction of the least, and these cor- 
respond with two of the crystallographic axes. When a thin, 
section of one of these crystals is brought between the Kicols, 
when they are crossed, it is colored in all positions, except when 
the direction of a crystallographic axis coincides with the plane 
of vibration of the light, when it will be dark. This occurs at 
four different places in the rotation of the stage, and they are- 
separated from each other ninety degrees. Orthorhombic: 

•Mineralogy Md Lithology of New Hampahlre. Geol. Snrvey, PtrtlV. 1878, 



3vGooglc 



STATE GEOLOQIST. IT 

crystals, moreover, are isotropic, i. e., remain dark between crossed 
Nicols during an entire revolution of the st^e, in two directions 
and for this reason they are called biasial. These directions, or 
optical axes, are in the plane of the greatest and least ease of 
movement of light, and make equal angles on opposite aides of 
the axes of least elasticity. If a section cut perpendicular to one 
of these optical axes be examined in conTergent light, in the same 
manner as already mentioned with uniaxial minerals, the field will 
be colored by a series of rings, and a single dark bar will be seen 
crossing the field, which will revolve on the rotating stage in the 
direction opposite to that in which the st^e is revolved. 

Minerals belonging to the momcUnic system have three axes for 
the movement of light, as in orthorhombic crystals; but these do 
not correspond with the crystallographic axes. One of them cor- 
responds with the orthodiagonal axis, and the others are at right 
angles to this axis and to each other, and lie in the plane that 
includes both the vertical and the clinodiagonal axes, and parallel 
to the clinopinacoid faces. Hence, in many respects the optical 
characters of monoclinic crystals are like those of orthorhombic. 
If the two rectangular axes of light-movement in any thin section 
coincide with the axes of. the two Nicols, crossed, the field of the 
microscope remains dark, but in all other positions it is colored. 
Sections parallel to the base, or to orthopinacoid faces, answer 
these conditions. Sections parallel to the clinopinacoid face are 
employed to determine the angle between one of the axes of 
elasticity and the clinodiaironal axis. This is done by aligning 
the edges or the cleavages of the section with the spider lines in 
the ocular so that the vertical axis coincides in direction with the 
plane of vibration of light from the lower Nicol. In this position 
the field is colored, although the Nicola are crossed, showing that 
the vertical axis does not coincide with the axis of light-move- 
ment. By rotating the thin section on the stage, between crossed 
Nicols, the field soon becomes dark, which implies that an axis of 
light-moveraent coincides with the plane of polarized light from 
the lower Nicol. The angle through which the section was rotated 
is the angle between the vertical axis and the axis of light-move- 
ment. By rotating it still further, the field becomes colored and 
then dark again at 90° from the point at which it was last dark, 
which implies that another axis of light-movement, at right angles 
to the last, coincides in direction with the plane of vibration from 
the lower Nicol prism. If a thin section be made parallel to the 
base, or the orthopinacoid, it will contain the orthodiagonal axis 
and the vertical axis, which are at right angles to each other. As 
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the orthodiagoaal ia alao an axis of light-movement, the plane of 
vibration from the lower Nicol will coincide with it, and the effect 
will be the same as in a similar section of an orthorhombic 
crystal, viz.: the field will remain dark at crossed Nicols when 
tbeae axes are brought into coincidence. In monoclinic crystals, 
moreover, there are two optic axes, that is, directione in which, if 
a thin aection be cut, the effect in polarized light is the same as 
produced by an isotropic body, and these axes coincide with 
the directions of the greatest and least ease of ligbt-moTement. 
The interference figures produced by examining, in converging 
light, a tliin section of a monoclinic crystal, cut perpendicular to 
these optic axes, are the same as seen' in similar sections of ortho- 
rhombic crystals, and these axes can ba determined by such exam- 
ination of the different elasticity axes in succession in sections cut 
perpendicular to the same. 

In triclinic crystals there is an entire want of conformity between 
the crystallographic axes and the directions of light-movement. 
While the former are'all inclined to each other, the latter are all ' 
perpeudicular to each other. Hence, when the vibration plane of 
the lower Nicol corresponds with the direction of any of the 
crystallographic axes, a thin section between crossed Nicols will 
never be dark, but must be rotated to become so, the amount of 
rotation being entirely arbitrary, but dependent on the species of 
the mineral and the direction of the section. They also have two 
optic axes, round which the arrangement of lines and planes in 
the crystal is such as to act symmetrically on a ray of light in all 
directions, and hence to produce the same effect as isotropic sub- 
stances. 

Circular Polarization is that effect on a ray of light which is 
produced by some uniaxial crystals when it passes through a sec- 
tion cut perpendicular to the vertical axis. The tay, instead of 
being polarized at right angles, is circularly polarized; that is, its 
waves of different lengths, as blue, or yellow, or red, are retarded 
unequally, and between crossed Nicols any one of these colors 
can be intercepted by rotating the analyzer a little, according to 
the thickness of the plate, so as to show a field wholly of one 
color. This is taken advantage of in the examination of monoclinic 
and triclinic crystals, in order to determine the angle between the 
axis of Iight>movement and the axis of the crystal more accurately 
than can be done by simply noting the point of gceatest extinction 
of light, as already described under monoclinic crystals. If a 
quartz plate 3} mm. in thickness, cut perpendicular to the vertical 
axis, be placed between crossed Nicols directly over the objective 
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in the tube of the microscope, and th^ analyzer rotated so far as 
necessary to intercept the blue rays of the light, the whole field 
will be blue. H then a section of a monoclinic crystal, cut parallel 
to the clinopiuacoid, be put upon the stage, the field of view will 
be changed in color according to the mineral, but by rotation it 
can be made to appear blue again, and this will take place when 
an axis of light-moyement coincides with the vibration plane of 
the lower Nicol, If now it be carefully rotated again so as to 
bring its erystallographic axis parallel with one of the hair-lines 
in the ocular, the amount of rotation is the angle between the 
axis of light -movement and the erystallographic axis. 

It will be seen that there are three kinds of axes in crystals, 
which are to be kept distinct. 

1. The crysiallograpkic axes, around which the crystals are 
built in planes and lines. 

3. The axes of elasticity, or ease of light- movement, parallel 
with which are the planes of vibration of polarized light. 

3, The optic axes, in the direction of which, if viewed in polar- 
ized light, between crossed Nicols, the section acts like an 
isotropic body. 

Some minerals, such as magnetite and pyrite, are wholly 
opaque, and however thin they may be ground, they are con- 
stantly dark. Such must be examined in reflected light, which 
may be intensified by a bull's-eye condenser, or by parabolic 
reflectors, of which there are various styles. Some minerals are 
characteristically colored, even in ordinary transmitted light. 
The chlorites are generally green, and the pyroxenes are brown or 
greenish-brown. Some polarize light characteristically, and at once 
produce such colors or such bands of color as to distinguish them. 
The triclinic feldspars are remarkable for the striation and baud- ' 
ing of the colors of the thin section seen between crossed Nicols. 
Quartz is characteristically limpid and clear, with beautiful colors 
in polarized light. In some minerals the directions of the princi- 
pal cleavages are characteristic. Pyroxene is distinguished from 
amphibole by the different angle of cleavage seen in a basal sec- 
tion, though in other respects they are very similar. Some min- 
erals are pleocroic, i. e., certain colored rays are absorbed, and, on 
emerging from the section, a beam of light presents different col- 
ored rays. Some are dichroic, transmitting two colors, and some 
tricliroic. Some simply absorb more light of all kinds in some 
planes than in others, becoming slightly darker, and then light 
again on rotation with the analyzer romoved. 

Thus, by the employment of the principles of polarized light, 
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combined with the magntfying quality of the microscope, tbe 
internal structure and minutest impeitections and impurities of 
minerals may be ascertained. A thin sectioa of a crystalline 
rock presents several minerals at once, cut at various angles with 
the erystallographic and other axes, and exhibits a field for the 
use of the aicest discrimination and the most exact mechanical 
apparatus, but which, when fully wrought out, rewards the 
laborer with the most abundant and satisfactory fruits. 

Those interested in this branch of Geology are referred to the 
following works : 

Butky—The Study of Rocks; 1879. London. 

Hawea — The New Hampshire Geological Survey, Part IV; 187-8. 

Rosenbusch — Mikroskopische Physiographic der Petrographisch 
wichtigen Mineralien. 

Zirkel — Mik. Beschaff. d. Min. und Gesteine. 

" —Report of the 40th Parallel Survey; Vol. VI. Wash'n. 
" — Lehrhuch der Petrographie; 1866. Bonn. 

Dana, J. D. — System of Mineralogy; 1868. New Haven. 

Dana, E. S.— Text-book of Mineralogy; 1877. New Haven. 

Decloizeaux — Maouel de Mineralogie; 1862. Paris. 

La Saulx — Von Elemente der Petrographie; 1875. Bonn. 

Spottiswoode — Polarization of Light. "Nature Series; " 1874. 

Burieky — Elemente einen neuen Chem-mikroskop, Mineral und 
Gesteins Analyse; 1877. 

Decloizeaux — Memoire sur I'emploi da Microscope Polarisant. 

Queckett — Treatise on the Microscope. 

Beale — How to Work with the Microscope; 5th edition, 1880. 
Philadelphia. 

Great diversity prevails in the nomenclature of the crystalline 
rocks. Not only do different authors, in some cases, employ dif- 
ferent names for the same rock in Europe, but the same names 
are employed with different or with special or exceptional signifi- 
cation. This confusion, already to some extent apparent in 
American petrological literature, is likely to be perpetuated unless 
some criterion or some codified principles of nomenclaturs shall 
be generally adopted. Prof. J. D. Dana has recently made th« 
attempt* to correct some of the errors that have grown up in the 
use of terms, and after discarding some of the distinctions that 
have been made between rocks that really are mineralogically and 
chemically identical, he presents a series of eight groups, which, 
not including calcareous and quartzose rocks, will cover, in a 

JoDiDsl ot Science and Arte. Third Series. Vol. XVI. 
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BjBtematic and consistent Bcheme, the crystalliae rocka of the 
earth. He says; — "Since leucite is a potaah-alumina silicate, like 
ortboclose and microcline (it affording twenty per cent, or more 
of potash), it is here referred to the same group with the poti^h 
feldspars; and nephelite, sodalite and the saiissurites being emi- 
nently soda-bearing species, they are included with the soda lime 
feldspars (anorthite to albite). This reference for lithological 
parposes of these minerals is sustained by their resemblance to the 
feldspars in constituents, and also in the quantivalent ratios 
between the alkalies, alumina, and silica, this ratio being in leu- 
cite 1:3.8, as in andesite, and io sodalite and nephelite 1:3.1 as in 
anorthite. The \arm potash feldapar, as used in the headings below 
is hence to be understood as covering orthoclase, microcline and 
leucite; and soda lime J'eldspar as including the triclinic feldspars 
from anorthite to albite, and also nephelite, sodalite, and the 
sftussurites. 

"The arrangement is aa follows: In the first series the rocks 
graduate into kinds which are all feldspar, and into others that 
are all mica; and yet the amount of potash present is approxi- 
mately the same. 

I. The Mica ahd Potabh-Feldspae Series: including Granite, 
Grsnnlyte, Gneiss, Protogine, Mica Schist, etc., Felsyte, Trachyte, 
etc., and the Leucitc rock of Wyoming. 

II. The Mica and Soda-Like Fbldspab Sebieb: including 
Ker6aQtite,KinzJgite, audthenepheliticliinds — Miaacyte,Ditro7te, 
Phonolyte, etc. (These nephelitic kinds belong almost as well in 
the preceding series.) 

III. The Hoenblbkde and Pota8hiFeli>spas Sebies: inclu- 
ding Syenyte, (with quartz syenyte) Syeuyte Gneiss, Hornblende 
schist, Amphibolyte, Anakyte (this last containing epidote in place 
of Hornblende); and the nephelitic species Zircou-Syenyte, 
Foyayte. 

lY. The Hobkblekde akd Soda>Liue>Feld6pab Sb&ies: 
including Dioryte (with Propylyte) Andesyte, Labradoryte (or 
Labrador dioryte) etc., and the sanssurite rock Euphotide. 

y. The Ptroxsnb akd Potabh- Feldspar Sekies: including 
Amphigenyte. 

VI. The Pteoxbke and Soda-Liiib-Feldspab Sbrieb: inclu- 
ding Aogite-Andesyte, Noryte (Hypersthenyte and Gabbro in 
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part), Hypersthenyte, (containing true Hypersthene), Doleryte, 
(eomprising Basalt and Diabase), Nephelinyte, etc. 

VII. Ptkoxene, Garnet, Epidotb and Chrtsolite bocks 
couTAiNiNQ UTILE OB NO Fbldspab: including Pyroxenyte, 

Lherzolyte, Garnetyte (Garnet rock), Eclogyte, Epidosyte, Chry- 
solyte or Dunyte (Chrysolite rock), etc. 

VIII. Hydrous Maqnesian and Aluminods eocks, con- 
TAiHiHG LITTLE OR KO Feldspar: including Chlorite schist, Tal- 
cose schist, Serpentine, Ophiolyte, Pyrophyllite schist, etc." 

The Cupriferous Series at Duliith. 

The rock at Duluth known as the "Rice Point Granite" 
affords a good illustration of the use of the polarizing microscope, 
and of the problems that surround the geologist in working out 
the stratigraphy and mineral composition of the rocks of the 
northern part of the State. While this rock is popularly styled 
granite, it cannot be so named by any recognized principles of 
litholog}', except that its texture ia generally like that which the 
word granite implies, viz., granular. Its chief ingredients, which, 
are always present, are Plagioclase and Pyroxene, but the latter 
is sometimes very small in amount, and in some places is almost 
wanting. The rock has also titaniferous iron, generally mag- 
netic, almost always present, and sometimes in quantity snfiBcient 
to render it an iron ore of low grade, while in mi-ny parts this 
iron is wholly wanting. Pyrite, calcite, epidote, and chlorite also 
exist in some parts in accessory quantities, particularly as geodea, 
nests, and rein-filliDgs, or as products of change. The rock is- 
£rm, of a gray color, and massive, forming low mountain ranges. 

The Plagioclase is provisionally taken for Labradorite, a soda-lime 
feldspar. It is finely striated on the easiest cleavage surface (0), 
and fdiows under the microscope a banded structure in thin sec- 
tions between crossed Nicols, due to the frequent twinning which 
the triclinic feldspars all exhibit. In some parts of this forma- 
tion, near Duluth, the plagioclase appears more like Anorthite. 
It is then in long, narrow, tabular crystals, rather than iit 
crowded grains, or massive, and these crystals cut the pyroxene, 
from having been first formed in passing from a molten to a solid 
state. 

The pyroxene, cut at random in a thin section of -the rock, 
occasionally shows a foliation parallel to the orthopinacoid. 
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which is characteristic of the variety of pyroxene styled Diallage. 
It is of a brownish -yellow color, or nearly colorless when not 
partially decayed, and non-dichroic; and between crossed Nicola 
it polarizes in brilliant colors. Much of it is fibrous from incipi- 
ect change, the products being ferrite and viridite, when it not 
only plainly shows a fibrous structure in ordinary transmitted 
light, but also has a more confused or clouded polarization between 
crossed Nicols. Sometimes minute, perfect crystals are seen. 
They are short, stout, monoclinic prisma, but more frequently 
the pyroxene is in grains that show no crystal faces, but simply 
fill the interstices between the plagioclase crystals, or embrace 
them. 

The iron that is common in this rock seems to be always 
titaniferous. Very rarely any crystalline forms can be discerned. 
It seems to have formed in crystalline condition later than the 
plagioclase and pyroxene. It attaches itself to the poles of the 
magnet, but yields in decomposition in situ, a white subtranslu- 
cent or opaque substance characteristic of menaccanite.* 

As to the proper designation of this rock, authorities would 
differ. It is plainly an eruptive rock. The prevailing usage in 
naming a rock of Silurian age, containing labradorite and lamel- 
lar pyroxene, requires the term Gabbro. The term Diabase 
would be applied by Mr. Rosenbuach when the pyroxene is of 
the aluminous variety called augite, and that term has been 
applied by Mr. Pumpelly to the " greenstones ' ' of the Cuprifer- 
ous Series in Michigan and Wisconsin (Proceedings of the Ameri' 
can Academy of Arts and Sciences, Vol. XIII), while the term 
Doleryte, made by Mr. Dana to embrace both Diabase and Basalt, 
is that which would be demanded by principles published by him 
in the American Journal of Science and Aits for November and 
December, 1878. 

The geological interest connected with this rock is in its inti- 
mate associations with a series of metamorphic rocks, which show 
all stages of metamorphism from perfectly crystalline sienitic 
granite to a slightly changed or hardly indurated red shale and 
sandstone. The details of this association can not here be given. 
It is BufBcient to say that at Duluth the red rock may be seen in 
the quarries suddenly replacing the eruptive rock, and extending 
sometimes superficially over several square rods in the midst of 
the igneous rock. In other places it fills interstices and wedge- 
shaped openings, and at various places in the hills a mile or two 

'8« the Fifth Annpal Beport of the Snrvej, IBTS, for ttn mulysl* of sn impore iron ore 
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north of Duluth it may be seen in place forming a large part of 
the bills. It generally runs under the eruptive rock, but some- 
times seems to have been as perfectly fluid as the other, and rises 
massively to the general Burface. The most highly changed and 
crystalline parts of this red rock are in the higher elevations, where 
also the coarsest crystals of the eruptive rock are found. Not 
only do the series of traceable, successive changes from crystalliz- 
ation to sedimentary, fraemental structure, show this red rock to 
be of different origin from the eruptive rock, but its mineral com- 
position is also ei^ually strong evidence. It consists, when per- 
fectly crystalline, largely of quartz, which is penetrated by numer- 
ous acicular crystals of apatite, of red orthoclase feldspar and 
hornblende. The quartz is in subangular grains, and constitutes 
from one- fourth to one-half of the whole. The orthoclase is red- 
dened by ferric oxide, aud very often "its crystalline structure is 
lost by decay. Both these minerals are pierced by apatit« crys- 
tals. The hornblende is in brownish -yellow grains, instead of 
greenish -yellow, and seldom shows, so far as examined, a charac- 
teristic dichroicism, though between crossed Nicols it sometimes 
shows the colors yellow and green in different grains. This rock 
also generally contains some mt^netite in scattering cubes, and 
sometimes other unimportant accessories. 

In its various stages of change this rock, associated with the 
forgoing eruptive rock, seems to extend along the Lake Superior 
shore northeastward as far as to Grand Portage, where it leaves 
the coast of Minnesota and passes under the lake to Isle Royale, a 
lower formation, making the shore line east of Grand Portage. 

Although the actual extension of these red shales and sand- 
stone layers westward from Dulutb to Fond du Lae cannot be seen, 
owing to the prevalence of the drift, it is the most obvious 
hypothesis to paralfelize them with the tilted red shales and sand- 
stones of that locality. There is a similarity of topography 
extending from one place to the other. The great basin of the 
lake actually does extend up the St. Louis Valley as far as Fond du 
Lac, and a little beyond. The strike and dip of the red shales and 
sandstones is perfectly in accord with the same at Duluth. They 
are highly tilted at Fond du Lac as if disturbed by the same 
upheaval. They lie on the Huronian Slates above Fond du Lac, 
and succeed to them, or to the Animikie Group of Dr. T. S. Hunt, 
where they leave the shore line near Grand Portage. The iden- 
tity of these shales and sandstones as one great group can hardly 
be questioned. This was first recognized by Messrs, Foster and 
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Whitney in 1849-50*, who regarded them as of the Potsdam age. 
'The separate portions of the formatioD, with intervening beds of 
igneoua outflow, have unconformable stratification, a necessary 
result of the disturbance that prevailed in the Lake Superior 
district during the time of their deposit. What bearing this may 
have on the reported existence of two sandstone formations along 
the south shore of Lake Superior, one known as the Eeweenian 
series, involved with the igneous rocks, and the other distinctively 
as the Potsdam of N^ew York, it is not yet possible to know; but 
along the northwestern shore of Lake Superior there is certainly 
no good reason for rejecting the identification of Messrs. Foster 
and Whitney, supplemented as it was by the unquestioned author- 
ity of Prof. James Hall. The incongruous and ponderous "Quebec 
Group" of the Canadian geologists was extended by Sir. W. E, 
Logan from the Canadian Territory along the northwestern shore 
of Lake Superior to Dulutb, covering these rocksj, but in the 
present unsettled condition of the limits and nature of the rocks 
of that groupt, it ia premature to admit of such conjectural exten- 
sion, even if it be admitted that that group did not, as enlarged, 
involve much of the earlier Potsdam of New York, and as still 
further extended by Mr. Selwyn, the upper portion also of the 
Huronian, making it truly a "remarkable assemblage" to be 
embraced under a single designation. At the same time it can 
scarcely be denied that this series, known (with the accompanying 
igenous rocks) as the "Upper Copper Bearing rocks of Lake 
Superior, " is the equivalent of some part of the eastern Quebec, 
as urged by Mr. Selwyn, and that there are "no good grounds for 
assigning either an age or an origin to the cupriferous diorytes, 
dolerytes and amygdoloids of the eastern townships different from 
that of the almost identical rocks of Lake Superior. "|| Now the 
age of the Fond du Lac sandstones is by very general assent of 
geologists regarded Potsdam. Prof. Irving has lately assigned 
them to the Potsdam, and colored them continuously with the 
sandstones that form the southwest shore of Lake Superior in 

*Beporl on the Otology of tht Zali Superior Land DigtrUt, 

tSee ^he geological map at Caaada, pabllBbed bj the Caasdlau Sarvej In ISSO. Alexander 
Harnj bad In 1H47 aeelgned the eandatones at the east end at Lake Superior to the Pot>dant 
age. 

A histarical Bummary at Che whole queBtlOD la glTen in T. Sterir Hnnt'a Report <E) an the 
Trap djhes and Azoic rocka or joutheaatern PeoneylvaDla. 

iSee l%e Oeolosrical aanev of Canada. Beportfor I8TT<ISTB. and The Caaadian Naturalist, 
Vol.IX..N0B.],iandS. 

ICompare the Fifth Anoaal Report oa the Geological and Natnral Rietar}' Sarve; of Min- 
nesoU, p. 20; also American Journal ot Science. 2nd Serlee, Vol. XXIII, p. 30e, wheieHr. 
Whitney haa reviewed the subject. 
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Wisconsin. Wehence see the Potsdam in its extension toDulnth 
involved with these igneous rocks, in upheaval and metamorphism,* 
and cannot resist the conviction that the vrhole series known as 
the Upper Copper Bearing Rocks, or as the Keweenian, or as the 
Quebec Group, oi) different authorities, was correctly assigned to 
the Potsdam at first by Messrs. Foster, Wbitney and Hall in 
1849, and subsequently by D. D. Owen. 

It has been noticed both at Dulutb and at other points along 
the northwest shore of Lake Superior that the Cupriferous rocks 
show more coarsely and sometimes a porphyritically crystalline 
structure at points a few miles away from the lake, and especially in 
the elevated portions, as in the range of hills at Poplar river, known 
BS the Saw-Teeth Mountains. In descending from these hill- 
ranges the structure gradually becomes finer, and near the coast 
the rock is more evidently the result of sudden cooling of molten 
matter, the red shales and conglomerates being simply amygdaloi- 
dal, and the igneous rock preserving the wrinkled surfaces and 
vesicular structure of the suceessive outflows. At Duluth this 
succession of changes in the igneous rock is easily traceable, by 
reason of the removal of the forest and the frequent exposures of 
the rock throughout the city in the grading of the streets and 
other excavations. Coincident with this change is the change in 
the metamorphism of the sedimentary layers. Near the tops of 
the hills, and at points far inland, the sedimentary rocks are per- 
fectly crystalline, but they almost always show a red color; 
toward the lake they are finer-grained, and are sometimes hard and 
"jaspery, " with conchoidal fracture. On getting further still 
from the seat of the metamorphosing forces their real fragmeutal 
character is fully revealed. They pass through the stages of 
hardened siliceous slate. and red porphyry to laumontitie calcare- 
ous amygdaloid and conglomerate, and even to a true shale, pre- 
serving the ripple-marks of gently agitated water. This changed 
condition of the Potsdam occupies a large area in northeastern 
Minnesota next south and east of the strike of the Hnronian and 
Animikie belts, and its full extent has not yet been ascertained. 
What has here been said is intended only as an introduction to 
the full description of the facts, and the discussion of these inter- 
esting geological questions which can be solved so quickly, and 
are destined to be solved so largely by tbe use of the polarizing 
microscope. 

la of the WlKontlii Academy of Science, Art>, and Leltrra, 
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III. 

•THE MUSEUM. 



The two rooms in the main Univeraity building used for the 
tieneral Museum, after a long period of confusion, during some of 
which one or both of them were closed to promiscaous visitation, 
were put into good order in April, on thecompletion of the mount- 
ing of the Megatherium Cuvieri, and were regularly opened to 
general admission. After the rearrangement of the larger of the 
Ward series of casts,, on suitable supports about the room, the 
zoological apartment afforded a very inviting and instructive 
appearance, and the Musuem was much visited both by the people 
of the city, by students, and by atraogers. In the fall of the yeiir 
the same room received a couple of new cases for the storage of 
zoological atcoholie specimens. These are placed near the center 
of the room, but necessarily hide some of the other cases, and 
crowd the aisles surrounding them; but no better plan could be 
devised. The room is too small, and if the specimens gathered at 
the present time were to be all put on exhibition, some other room 
would have to be provided. Prof. Hall also filled the upright case 
on the north side of the room with the smaller of the stuffed 
mammals, and with the soil samples gathered in various parts of 
the State. These last are in glass jars. Prof. Hall also rearranged 
some of the corals and sponges in the same room, removing the 
samples of artificial products, as polished marble slate, etc., to the 
sooth room. 

Id the south room, where the minerals and geological specimens 
are kept, no additional cases have been built, but the minerals, 
which before were crowded have been rehandled, mostly by Prof. 
Hall, and so arranged that they follow successively, from case to 
case, the aystem of classification and the numeration of Prof. 
Dana. 

The principal accession to the Museum during the year has been, 
perhaps, the Estherville aerolite. This important specimen was 
purchased by the Board of Regents, and was obtained largely 
through the instrumentality of Prof. E. J. Thompson, who at the 
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request of the curator, has gathered all the facts attending its fall, 
and has presented a preliminary report on it. The specimen 
itself, after being photographed, was, by order of the Execu- 
tive Committee delivered to Prof, Peckham for analysis. In a 
subsequent report a full exposition will be given of its chemical, 
mineralogical and internal structure, accompanied by illustrations. 
A cast was taken in plaster of Paris. It was then eut for analyti- 
cal examination. A piece weighing about nine pounds has been 
sent to Prof. J. Lawrence Smith, who in return has sent the 
museum twenty from other specimens of meteoric iron and stone, 
some of them being from Africa, and others from Australia, Green- 
land, Hungary, Mexico, France, and Poland, as well as from 
various parts of the United States. The specimens from Green- 
land are taken from the basalt, and resemble meteoric iron in 
composition. One specimen from Mexico weighs six and three- 
fourths pounds, and another contains rare mineral DaubieelUe. 
This valuable addition to the Museum makes our collection of 
meteorites one of the best in the United States: It is contained 
in a special case in the south room of the Museum. 

Prof. Thompson says: 

May 10, 1ST9, was a bright, clear, cloudless day. At E o'clock in tbe after- 
noon, in full BUDBhine, this meteorite passed through the air, exploded, and 
fell in the town of Estherville, Emmet county, Iowa, about ten or twelve 
miles below the southern boundary of Jackson county, Minnesota, in lati- 
tude 43 degrees 30 minutes north, longitude 94 degrees GO minutes west from 
Greenwich. 

The path it followed marked a course from northwest to southeast, and 
was seen for a distance of several hundred miles. 

Mr. W. L. Wilkins, of A.ustin, told me, as he was traveling in the north- 
west part of Mower county, May 10, about 5 o'clock p. m., he heard an unus- 
ual crackling and hissing noise about him, and, upon looking up, saw to the 
west of him the meteor passing. This was more tlian 100 miles from where 
it fell. 

Mr. Prichard, who resides in the northwest part of Blue Earth county, saw 
it pass as it seemed far to the northwest of him, and describes it as a most 
startling and wonderful phenomenon — a huge ball of Are, followed closely 
by a cloud of fire. Reports from localities still further northwest, some 
from Dakota, confirm the opinion that its direction was as above stated. Its 
appearance in the heavens was that of a huge globe of fire, attended by a 
flery cloud. The inhabitants residing within the area of a circle whose 
diameter is six miles, for a few minutes were greatly alarmed; not mora at 
the simple flying ball of fire, which seemed so near to them, than at the ter- 
riilc explosions immediately above them. Those who did not see it thought 
an earthquake had occurred, and were in great terror. All agree esaenttally 
in giving the facts connected with its explosion and force. The noise accom- 
panying its flight is described as rumbling, cracking, crashing, similar to 
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that produced by a train of cara crossing » long bridge ; then csme a very 
loud report, immediately followed tiy two distinct reports in quick succes- 
sion, though not 30 explosive or loud as the first. It struck the ground in 
separate masses, together with smaller fragments scattered over an area of 
three or four miles. There were two large pieces which fell about two mites 
apart, in a direct northwest line, both at an angle of nearly eighty degrees. 
The impressions of those who saw the meteor in the air just at the time of 
eicptosion was, that still another large mass fell not far distant. This has 
been confirmed by the recent finding of a piece weighing ISO pounds, hy a 
trapper named Robert Pictz. 

The largest mass, weighing 470 pounds, now at Keokuk, Iowa, penetrated 
a hard blue clay soil, covered with water, to the depth of twelve feet. The 
mass weighing 170 pounds, now at the State University, fell on a dry, grassy 
knoll, and was buried to the depth of five and a half feet below the surface. 
A few rods from the largest mass was found a fragment weighing thirty 
pounds, and a schoot-boy picked up a specimen weighing three pounds a 
little distance away from the largest. These resembled the great body of 
the meteorite in all respects. 

There was no appreciable difference in time between the explosion and the 
Btriking on the earth. The form of all the pieces is like that of rudely 
detached masses from a quarry, or ejected from the mouth of a volcano. 
The mass in the museum of the University has an irregular rhomboidal out- 
line, about fifteen by eighteen inches, of an average thickness of six inches, 
and when first obtained was covered, as most meteorites, with a black shin- 
ing coat or crust. The largest mass is not so regular in its formation. It 
is more ragged, and bristles with points of nickel liforous iron. Prof. Heln~ 
rich of the Iowa State University pronounced it the most valuable of the 
two large masses ; but a full analyses will probably determine them to be 
one and the same, while the nickelliferous iron seemed more abundant in the 
largest, the crystalline formations are far more numerous in the smaller. 

Several observers saw the large masses when they struck the ground, and 
state positively that sod and gravel and dirt scattered far and near, and for 
a moment the air was filled with flying stones and small masses of earth. 
The largest struck near a school-house, the smaller within twenty or thirty 
rods of a dwelling, much to the terror of the inmates. The language of the 
good old lady sitting by the window at the time, in a measure describes their 
fright: "My soul I I thought the end of the world had come, and I fell on 
my face and waited." The concussion produced by its passage through the 
air was so great that glass was broken in the windows, and in many instances 
where men were working in the field their horses were completely stunned 
with fright. 

The following is an account given me by one of the nearest eye witnesses: 
"I was ploughing corn and my team was making to the westward, when 
suddenly I was startled by a distant whirring sound, which grew louder and 
nearer, broken and crackling, and as I looked up towards the northwest I 
saw a large ball of fire sweeping, as it were, down upon me. Instantly there 
came a loud report, at once followed by a second and third, not so loud as 
the first. In a few moments several persons were on the spot where they 
saw It fall, and began digging — for what they knew not — only, as they 
expressed it, 'ttiat ball of fire they saw fall there.' " 
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The earth through wiich it passed presented acracked, baked appearance, 
and the openings in the ground made by the meteoritea indicated a twisting 
or revolving motion, as they seemed bored as with a large augur. With 
reference to its altitude when first seen, and at the moment of the explosion, 
and the immediate descent, our knowledge, at beat must be quite imperfect. 
Calculating as well as I have been able, from data given me by an expert and 
skillful civil engineer, who was at the time at work on the Southern Minne- 
sota railroad, and who carefully as possible noted its appearance and attitude, 
I should judge its height to have been, before the reports were heard, from 
thirty to fortymiles. At the time of explosion it must have been very much 
less. From a partial and jet unflnighed computation, it is 'thought ita 
velocity to have been between two and four miles per second. 

Ta the lower portion of the mineral cases have been stored tem- 
poraril; a large number of rock samples and of fossils from abroad, 
and from the State of Minnesota. Arrangements have been made 
for completing the shelving intended for these cases, when they 
will be more convenient and will contain nearly double their 
present contents. 

In the laboratory of the survey & great m^ny boxes have been 
opened, their contents labeled, the large specimens often dressed 
down to suitable size, and distributed into classes, registered when 
their names have been known, and got ready for exhibition in the 
Museum. The crystalline rocks of the State have yet to receive 
full examination, and have not been registered. Tfaey are simply 
numbered with blue shellac and alcohol, with the field number of 
the survey. 

The report of Prof. Hall shows what zoological and botanical 
specimens have been collected by him and Mr. Roberts for the 
Museum. These are mainly not yet on exhibition, owing to lack 
of time and proper facilities for their preparation, but they are 
being arranged as fast as possible. ^ 

The accompanying catalogue of registered specimens shows the 
geological and mineralogical accessions during the year. Exchange 
of specimens has been made with Prof. C. H. Hitchcock, of the 
Geological Survey of New Hampshire, Mr. B. H. Wright of Penn 
Tan, New York, S. H. Baker of the Owatonna Academy, Prof. 
T. Egleston of the Columbia College School of Mines, and with 
the Museum of Technology, A part of the Estherville aerolite 
has also been exchanged with Prof, J. Lawrence Smith for a num- 
ber of meteoric stones from different parts of the world. 

Ever since the beginning of the geological survey a class of 
specimens has been increasing for which no provision has been 
made. They consist of ancient stone hammers, arrow-heads, 
Indian pottery, and other relics of the Mound Builders and the 
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Indiana. It is designed to prepare a suitable place of deposit for 
these specimens, so that they may be on exhibition, and so that 
they may serve as a nucleus for the gathering of a full series of 
these interestinj; relics. As the Stat« is settled these specimens 
are discovered, and unless there is a recognized agency for their 
collection and preservation they are lost sight of, or slip away to 
other museums. The General Museum of the TTniversity, being 
established by State law, is the proper place of deposit and exhibi- 
tion of such articles. It ia believed that the people of the State 
who have them in their possession will often be glad to place them 
in the museum, either temporarily or permanently, when they 
are once satiafied that they are to be carefully preserved. 
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IV. 



PALEONTOLOGY., 



Descriptions of New Species of Brachiopoda from the Trenton and 
Hudson River Formations in Minnesota. 



BT S. H. WINCHBLL. 



Gesus LlnrnU, (Bniguiere.) 
1 (Enoyc. Mett. I. tab., 250. 

Oen. Char. — Sub-equivalve, equilateral, longitudinally ovate 
or Bub- pentagonal, both valves channelled equally at the beaks for 
the passage of the pedicle (one beak a little longer and more 
pointed than the other, which latter has a narrow internal flat 
area;) internally each valve has a thickened pad in the middle, 
and the shorter one has in ^nt of it a prominent internal 
septum. The species of the genns grow wider' proportionally 
with age. (McCoy, Brit. Pal. Foss-) 

This genus has been regarded as one of the few living forms 
that began their existence among the earliest marine inhabitants 
of the globe, (Pal. N. Y., Vol. I, p. 94) but, according to Prof. 
James Hall, it is " extremely doubtful whether we have yet evi- 
dence to claim the occurrence of a single species of true Lingula 
in the lower palssozoic rocks, " (23rd Seg. Sep., p. 245.) The 
older Linguloid forms in Ihe Potsdam sandstone have been dis- 
tributed, at least provisionally, among the new genera Lingulella 
(Suiter,) Linguiepis (S-sXl,) Obaklla (Billings,) and Lingulops (Hall.) 
These bracheopods have fragile phosphatic valves, a circumstance 
which has served to preserve their lustre iu many cases where the 
exterior of the shell is exposed freshly, and to prevent their 
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absorption into the rock. They are easily diatinguisbable from 
the other geuera of brachiopods found iu the Trenton Qroup of 
rocbs. Until more definite information is obtained of the differ- 
ences and distinctions among the above-mentioned new genera, it 
will be admissible to place them all under the old term so far as 
they occar in the Trenlton Oroup. 



Llngnla Mlnnesoteusls. [If. «p.} 

Reference and ^iwmymj/.— Lingula quadrata, WineMl, Geol. and Nat. Hist. 
Survey, Annual Report for 1S7G, p. 49 ; also ibid for 1876, p. 54, 219 ', 
also JMd for 1677, p. 164. 

Shell sub-quadrate or oblong, the sides nearly straight and 
parallel, but with a little convexity; the anterior angles rounded, 
the sides passing into the posterior lateral edges with a uniform 
curvature; the beak of one valve projecting beyond the other; the 
shorter valve more elevated and tumid than the larger, both 
transversely and longitudinally; on the exfoliation of the shell 
each aide of the cast shows a central furrow extending from the 
beak about three-fourths the length of the shell; in front of the 
postero-lateral margins is a somewhat depressed space on either 
side of the beak, and on either valve, the convexity of the 
valves rising more rapidly at a short distance from the margins; 
this depression along the posterior angles gradually disappears as 
the central elevated area widens toward the front. 

Although the true surface of the shell is generally exfoliated, 
on the interior casts are concentric, broad plications of growth. 
These are crossed, at least along their central from, by longitu- 
dinal radiations. Along the depressed postero-lateral margins these 
concentric plications are crowded and imbricated. Between, and 
also covering these plications of growth, are fine concentric strife 
over the whole surface. 

Length nearly i inch; width a little over ^ inch. 

The species resembles L. Lewisii (Sow.) but has not the straight 
postero-lateral margins (Brit. Pat. Foss. p. 253.) It also resem- 
bles L. quadrata, (Jlich.) but is but little more than one-half the 
size of that, and the difference in the convexity of its valves is 
greater. 

In the report for 1876 this species was identified as L. quadrata 
(Eich.) at Taylor's quarry near Fountain. 

Locality and Formation. Olmsted county, (W. O. Hurlbut.) 
Fountain, Fillmore county, and Wanamingo in Goodhue county. 
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Minneapolis, associated with Stropkoraena dettoidea (Con.) In 
the Trenton limeBtone. 

Collectors. N. H. Winchell ; at Minneapolis H. V. Winchell. 

Mttseim Register Numbers, 3499, 3501, (=291,) 8502 (=645,) 
3503.* 

Llugnla Horlbnti. {If. »p.) 

Shell ovate, broadest in the anterior half, and pointed ; the 
sides approaching the apex with a gentle convexity ; lines tangent 
to sides at one-third the length from the apex, form an angle of 
seventy-two degrees; anterior angles obsolete. The exterior sur- 
face of the shell is marked by sharply elevated concentnc plica- 
tions, which stand perpendicular to the shell, and on the anterior 
third portion five occupy the space of one line, but toward the 
beak they are reduced in size and increase in frequency so as to 
become mere striae. Where these are largest and perfectly devel- 
oped, the intervening grooves are destitute of fine stria- 
tions. These plications leave corresponding lines on the interior 
cast when the shell is exfoliated. There are no longitudinal radia- 
tions visible on the exterior, but on the cast near the front are 
exceedingly dim, interrupted lines visible ander the lens, that pos- 
sibly have the same origin, but these do not extend more than a 
line and a half from the front margin, and tbey cannot be seen 
even with the lens except under a favorable angle of reflected light. 

The most elevated portion is at one. third the length from the 
beak; but the convexity of the valve is moderate and regular. 

This species resembles Lingula Daphne (Bill,) but exceeds the 
greatest size of that as given by Mr. Billings {Pal. Foss., p. 50,) 
by 2i lines, and is wholly devoid of the fine concentric striEe of 
that species. 

Locality and Formation. At Mantorville, in the Galena lime- 
stone, collected by N. H. Winchell. 

Muaeum Register, Number 393. 

Dedicated to Mr. W. D. Hurlbut of Uochester, Minn., one of 
the earliest patrons of the Geological and Natural History Survey. 

* Since tbe aboTe was wtltlen the eame gpeclei hu been publiahed in (he AmeriCBD Joar- 
nal ol Scicni^e by Mr. B. P. Wbttiield. IJnnc ISSO,) uid n&med lAnffula Eldtri. Hia speci- 
mene were procared far him bj Dr. Elder, at Rochecler, vbere tliey occdt Id the Trenlon 
iimeetone, and exhibit to perfectly the internal muklngs da« to the TiicertU sod mnscnlar 
fltrucfnre, thatMr. Wbltfleld regardi the speeies a Irne Lfngiila, comparing it lo Litigtiia 
anatiwt (Lam.) oaw living, i'rlority of pabtication will require the adoption of Mr. WhiC- 
fleld'a name, wblcb will hereafter be applied to it in the pabllcations of the enryey. 
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GzNirs. CranU. {Itetziua.)' 
Oen, Char. — Attached by tKe Bubstance of tbe dorsal valve, 
which exhibits an irregular ecar. The posterior pair of adductor 
muBcles are larger and deeper than the anterior pair. 

Crania grannlosa. C-f- *?) 

Shell small but prominently elevated at the beak; orbicular, or 
somewhat widened between the antero-lateral margins; no con- 
centric striae or undulations visible on the exterior of the shell, 
nor radiations; the whole surface of the dorsal valve uniformly 
fine -granulated, or pustulose; these granulations not disposed in 
any apparent order. The lower valve unknown. 

Locality and Formation. — Minneapolis, in the Trenton limestone- 
CoUected by C. L. Herrict. 

Museum Number 708. 

Genus. Ortbis. (Dalmaa.) 

Gen. Char. — Snbquadrate or rounded; hinge line rarely equal- 
ling the width of the shell; shell rodiately striated or plaited; 
each valve with a triangular cardinal area, and a triangular fora- 
men, generally more or less closed in one valve by a deltidium; 
dorsd valve with divergent short-teeth, and a simple cardinal pro- 
cess between them. 

Ortlib Mtnneapolis. {2f.sp-) 

Shell transversely snboval; greater diameter from nine to ten 
lines, but some of the smaller specimens less than seven; smaller 
diameter from five to seven lines, but in the smaller specimens 
about four; hinge-line less than the greater width of the shell, 
but the cardinal angles are distinct in all cases, and sometimes 
slightly recurved by the appression of the valves. A shallow, 
broad sinus depresses the front of the larger valve, which produces 
a marked geniculation in the front mai^n, and sometimes an 
elongation of both valves toward the front. From this sinus the 
outline of the shell rounds evenly to the cardinal angles. Both 
valves with a distinct hinge-area, that of the entering valve being 
about two-thirds the height of that of the receiving, both being 
somewhat concave transversely, and with triangular foramens. 
The foramen of the receiving valve is about twice as high as wide, 
and that of the entering is about equilateral. The beak of the 
larger valve is small and moderately abrupt, that of the smaller 
inconspicuous. Both valves are ornamented with fine radiating, 
strise, which increase in number by implantation two or three 
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times between the beak and the mai^in, rem»ining of nearly the 
same size. In some specimens broad, imbricating growth-bands 
cross these striae near the margin, but even in well-preserved 
specimens, there is visible under the lena no inter-cpstal crenu- 
lation. 

The interior of the receiving valve has two strong ridges that 
define the margins of the main muscular impression, descending 
from the cardinal processes curvingly toward the centre of the 
valve, and terminating, before they unite, in vanishing points at 
about midway between the beak and the front margin. Between 
tliese ridges, and within the area they enclose, rises suddenly in 
the middle of the valve a straight, sharp ridge that extends toward 
the front of the valve, cardinal processes tooth-like. 

The interior of the entering valve is only partly known. On a 
single specimen only is preserved a strongly divergent small tooth, 
with a deep pit separating it front the cardinal area. There seem 
to be also three (two are preserved) main ridges radiating from 
the beak, two short ones from the bases of the cardinal teeth, and 
one longer between them. The impressions of the external radii 
are visible on the interior margins of both valves. This differs 
from Ortkis Maria, (Billings,) which it resembles, in having the 
front never straight, but rbther protruded at the mesial angle, 
and in the finer radiating stria, which are from six to eight in 
one tine, at the middle of the front margin, instead of from three 
to four. 

Formation and Locality. Hudson River shales at Minneapolis, 
and at Fountain in Fillmore county. 

Collectors. N. H. Winchell and C. L. Herrick. 

Museum Register Numbers, 321, 644, and 737. 

Orthls media. (JT. sp.) 
Allied to Orthis Minneapolis, and at first confounded with that 
species in the preliminary assortment, is a species that varies 
from it in outward characters, in having coarser strise, (and in 
that respect approaching Orthis Maria — Billings,) there being at 
the front mai^in four or five of the radiating striie in the space of 
one line, and in having a less deep mesial depression on the front 
of the receiving valve. Along the central portion of the enter- 
ing valve is usually a flattened area that widens from the beak 
toward the front, terminating at the mesial angles, and the cardi- 
nal angles are sometimes reflected at their extremities. The 
valves are apt to be displaced and distorted, indicating an insecure 
dental articulation, but there has been no opportunity to examine 
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the interior. The triaugular foramen of the receiving valve, 
which is open in all cases, has a height of one line, which is about 
one-third or one-half greater than that of the entering valve. 
The radiating strire double their number in the umbonal region, 
by implantation, and in ^the same manner further increase their 
number near the margin of the valves. They are crossed by 
growth-bands toward the margin of the shell. 

The transverse diameter of this shell varies from seven to nine 
lines; that from the beaks to the front margin from less than six 
to less than eight. 

Formation and Locality. Hudson River shales, at Minneapolis. 
Collected by C. L. Herrick. 

Museum Register Number 3514. 



Orthis I 

Shell transversely oblong, with a hinge-line terminating in dis- 
tinct cardinal angles, but less than the greatest transverse diame- 
ter of the shell: outline evenly rounded through the front from 
the cardinal angles, but having a broad, gentle inclination toward 
the side of the entering valve along the front margin; valves 
closely appressed about the free margins, but having a thickness 
through the umboes from 2f to Si lines; height of the larger fora-' 
men about i the length of the hinge-line, and about ^ greater 
than its width at the base; cardinal areas somewhat concave, but 
the beaks are far separate, that of the receiving vidve being less 
extended posteriorly than the other, though more elevated ami 
more abrupt; the plain of the cardinal area of the entering valve, 
which is in the plajn of the sides ©f the shell, forms an angk- 
greater than 90° with that of the receiving valve. 

Surface marked by fine radiating costse which bifurcate once or 
twice between the beaks and the free margins, none of them run- 
ning out on the hinge-line, there being from six to eight in the 
space of one line in the middle of the front. Interior unknown. 

Locality and Formation. MinneapoHs, in the Hudson, river 
shales. 

Collector. N. H. Winchell. 

Museum Register Numbers, 336 and 643. 

Named from Mr. Charles Kassube of Minneapolis, whose col- 
lection contains the most perfect specimen seen. 

Orthis amcena. i.If- sp.\ 
Shell transversely oval with a hinge line that compares to the 
greatest diameter about as 5 to 9. Evenlj' rounded from the car- 
5 
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dinal extremities, which hardly disturb the symmetry of the out- 
line, through the front margin; valves nearly equal; umbonal 
region of the receiving valve surrounded by a depressed or some- 
what cohcave border, which in the front margin becomes flat or 
inclines toward the entering valve; the entering valve having 
much less marginal concavity, but being moderately and evenly 
convex; cardinal areas small; foramens also small; beak of the 
receiving valve somewhat incurved; that of the entering valve 
.'imall, but abrupt and distinct; surface marked by rays which are 
doubled or tripled in number on the umbo, by implantation, but 
maintain a larger size than the rest in passing to the margins, 
several of which are also curved so as to run out on the hiuge- 
line; transverse diameter 9 to 10 lines; perpendicular diameter 
from 7i to 8^ lines. Interior unknown. 

Locality and Formation. Spring Valley, in the Galena beds of 
the Hudson River Formation. 

Collected by N. H. Winchell. 

Museum Number 642, 

Orthls clrenlBrlg, (JT. sp.) 

Shell sub-circular, the greatest diameter being from just in 
front of one cardinal angle to the antero -lateral margin on the 
opposite side; hinge-line about one-half the greatest diameter; 
along the front margin is a very slight inclination toward the 
smaller valve, but the valves are otherwise uniformly convex; 
umbo of the receiving valve prominent and full, but the beak low 
and arched over the cardinal area; the other valve less elevated in 
the umbo, and the beak less prolonged, but slightly incurved over 
the hinge-line; the open foramen of the receiving valve long and 
narrow, with an obtuse apes, but two or three times as wide at 
the base as at the top; surface marked by numerous fine rays, 
which, bifurcating once or twice between the umbo and the free 
margin, are sub-equal at the middle of the front margin^ and num- 
ber six or seven in the space of one line, two or three curving 
backward from the beak and terminating on the hinge-area. 
These rays are crossed by fine concentric lines, only visible in 
fresh specimens and under a magnifier, and by distant dim growth- 
bands, which latter begin on the umbo; diameter about half an 
inch. Interior unknown. 

Locality and Formation. Oxford Mills, near Canon Falls, in 
Goodhue county, in the Hudson River shales. 

Collector. N. H, Winchell. 

Museum Register Number 3515. 
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Orthls CharlottK. (Jf. tp.) 

Of this species the only specimen seen is a, perfect receiving 
valve. 

This valve is transversely oval, or suborbicular, with a hinge- 
line less than two-thirds the greatest diameter, and with incon- 
spicuous cardinal angles; moderately and uniformly convex, but 
with a broad undefined flattening along the central front, which 
extends about one-third the distance toward the beak and insen- 
sibly passes into the general convexity ; beak distinct, and elevated 
above the hinge-line one line and & half, making angles with the 
posterior third of the plain of the lateral margins, of 102° and 7S°, 
the former being within the valve and the latter behind the cardi- 
nal area; cardinal area nearly straight, the ventral teeth forming 
inward projections on the hinge- line; the foramen triangular, with 
a width at the base nearly the same as the height; exterior marked 
by 22-24 coarse, undivided, rounded, radiating plications of the 
shell, two or three of which on each side of the beak, rather ter- 
minate, or subside, on the hinge-line; these plications crossed by 
imbricating growth-bands, some of which are very fine, and some 
coarse; the intervening inward plications being of the same width, 
but on the interior of the shell presenting a very different aspect, 
by having each a central furrow or trough and thus appearing 
double. 

The interior of the valve shows the grooved inward plications 
of the shell extending, along the front, nearly half way toward 
the beak, along the lateral margins much less, and disappearing 
wholly toward the cardinal angles, but in all cases extending 
within the visceral area, in the form of faint ridges or striations 
which increase in number toward the center of the shell; brachial 
processes stout, trigonal, t run cato- concave on their extremities; 
muscular impression rather narrow and small, bilobate, defined 
by a marginal ridge which is much more distinct posteriorly, and 
converging at an angle of 20°, and confluent with the brachial 
processes, extending to within one line of the center of the valve ; 
adductor and divaricator scars Confluent; a short, distinct, keel- 
like, mesial ridge extending from the sinus formed by the lohes 
toward the center of the general muscular sear, where it is sud- 
denly succeeded by a central depression which contracts to the 
beak, bounded by distinct ridges and having a slight central eleva- 
tion; ventral adjust or scars outside the brachial processes and 
coarsely striated transversely. Transverse diameter 11 lines, per- 
pendicular about 10 lines. 

The dorsal valve is unknown. 
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This species differs from 0. callaetis (Dal.) by not having both 
valves greatly depressed, and in having 22-24 ribs instead of 
ie-20. 

It differs from 0. Actonm (Sow.) in not having a cardinal lino 
equal to the width of the shell, nor acute cardinal angles, >ior an 
incurved ventral beak, nor 11-20 angular ribs. 

It differs from 0. calligiamma (Dal.) in not having a prominent 
beak in the receiving valve incurved nearly to the level of the 
lateral margins. (McCoy.) 

It differs from 0. flabellulum (Sow.) in not having a flat receiv- 
ing valve, and in not having the dental lamellae of the receiving 
valve diverging at an angle of 85°. (McCoy.) 

It differs from 0. pectinella (Conrad) in not having a flat receiv- 
ing valve. (Hall.) 

Mr. Salter, in the Memoirs of the British Geological Survey, Vol. 
II, part 1, p. 374, has assayed to include under thegeneral specific 
name of 0. calligramma not only the calligramma of Dalman, 
but also his callaetis, Sowerby's virgata and rustica and Spin'fer 
pUcatus, Von Buch's ovata and ortkambonites (after de Verneuil,) 
Davidson's Walsaili and rigida, and a number of species of Pander, 
but recognizing seven varieties. Admitting this combination, 
and comparing the species under consideration with his general 
specific description, it is found to differ from it in not having 
squarish ribs and square furrows equal to the ribs, nor a rhoni- 
boidal muscular impression in the ventral (receiving) valve, 
divided by a broad faint ridge; yet it may be that Mr. Salter's 
description may be legitimately modified and extended so as to 
cover this form also. 

Locality and Formation. Minneapolis, in the Hudson River 
shales. 

Collected by C. L. Herrick. 

Museum Segister Number 667, 

Orthis Conradi. {K ip.) 

Shell having the shape and size of Orthis disparilis (Con.) but 
with a moderately convex entering valve, with from' fifty to sisty 
fine radiating striEe on each valve, about half of which disappear 
before reaching the beak; foramen of the iai^r valve narrow, of 
the smaller valve triangular; surface with indistinct growth-bands, 
but without evident interradial crenulation; on the center of the 
smaller valve is a flattening that widens from the beak, and dis- 
appears before reaching the margin. 

Orlhis disparilis, according to Conrad's original description 
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(Pioc. Acad. Nat. Sci., Phil, 1843, Vol. I, p. 333,) has "about 
twenty-eight prominent, rouodedj regular ribs," and tbe lesser 
valve slightly concave, with a depressed furrow in the middle. 
Prof. Hall adds to this fay saying iPcU. N. Y., Vol. I, p. 119) the 
ribs are "crossed by finer, concentric, elevated lines," and that 
the foramen is a narrow, nearly linear alit reaching to the apex; 
but subsequently he and Mr. R. P. Whitfield concurred in the 
opinion that Conrad's 0. disparilis is the young of Orthis trkena- 
ria, (Con.) {Pal. of Ohio, Vol. II, p. 78), especially as they both 
come from the Trenton limestones of western Wisconsin; and the 
figures of this species in the Palaeontology of New York seem to 
bear out this view. Mr. Billings, in the Canadian Naturalist and 
Geologist for 1869, Vol. IV, figures this species from the Chazy 
with a " nearly flat dorsal valve, and about twenty-eight rounded, 
undivided ribs." At the same time he describes from the Chazy 
limestone Orthis Porcia, which differs from 0. disparilis " in hav- 
ing the radiating ridges not so strong," in its *' fine, strongly 
imbricated, concentric striEe" and "more perpendicular area " in 
the receiving valve, the dorsal valve being unknown. 

The species under consideration differs essentially from all the 
foregoing, and is certainly not the young of Othis trieenaria, since, 
iilthough both occur at Minneapolis, tJits is from the Hudson 
fliver Shales, while 0. trieenaria is found in the subcrystalline 
layers of the upper portion of the Trenton, usually in the from of 
interior casts. 

Formation and Locality. Hndson River Shales at Minneapolis, 
aud in the shales accompanying the upper portion of the Trenton 
at Fountain in Fillmore county. 

ColUcturs—n. H. Winchell and C. L. Herrick. 

Museum Register Numbers 651 and 789. 
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PRELIMINARY REPORT 

OM THE 

OF CENTaAl AND WESTERN MINNESOTA. 

BT WABRBN UPHAH. 



re to be described wasexplored during the summer and autumn 
Bs on the west side of the Mississippi river, and has this stream. 

30 miles along the north-east side of Wright county. At 
miles north-west from Saint Paul, the north-east boundary 
avea the river and runs west 50 miles, to the aouth-eaat comer 
;y; whence it extends 120 miles due north, to the north-east 
cker county, five miles south-west from Itasca lake. The 
t of this exploration is a, line drawn from the last point 78 

the Red River of the North, which it strikes 19 miles north 
id and Fargo. On the west the boundary is that of Minnesota 
following up Red and Boisdea Sioux rivers and alongTraverse 
! lakes. On the south-west it is the Minnesota river in its 
urse from Big Stone lake to its northward bend at Mankato, 
ie limit, however, being crossed so far as to include both sides 
-like valley in which thia river flows. Thence the border is at 
if Le Sueur, Scott, Carver, and Wri^t counties ; reaehing 75 
nth to north. The extreme length of thia area is 2S0 miles, 
allel with the upper part of the Minnesota river, its south- 
r ; while its average widtli is about 65 miles. It thus embraces 
: 16,000 square miles, or one-fifth of the State, 
der from north-west to south-east, the twenty-two counties 
e field of this report, are as follows ; Clay, Wilkin, Traverse, 
■ Tail, and Grant, principally drained by the Red river ; Big 

Chippewa, Renville, Nicollet, Sibley, Carver, and S«ott, 
Qnesota river; with Stevens, Douglas, Pope, and Kandiyohi, 
Q large part into this river ; and Meeker, McLeod, and Wright, 
ipally by the Crow river, whith joins the. Mississippi at Dayton, 
on of the topography and geology of this large tract within a 
as been made possible by the similarity of contour and tbe 
and depth of its drift deposits, and by the very narrow limits 
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withia which the underljiog ancient rocks are exposed. These exposures 
have been found, with one exception, onlj along the bottom of the valley of 
Minnesota river, and in the Talleya oP a few of its tributaries, near their 
mouths, where channels 100 to 200 feet deep have been excavated in the 
drift. 

TOPOGBAPHT. 

The greater part, probably three -fourths, of this area has a mediately 
■uadalntitig surface, which lies in|broad swells of various extent, height and 
direction, some of them prolonged, but generally without any uniformity in 
trend, while others are oval or nearly round. The highest portions of 
adjoining undulations vary from a few'rods to a half mile or more apart ; 
and their elevation ia sometimes 5 to 15 feel, again 20 to 30, or even 40 feet 
or more, above the depressions, to which the descent is usually by very 
gentle slopes. These hollows have a contour that is liite that of the swells 
inverted, being mostly wide, and either in long and often crooked courses, 
of unequal depth, variously branched and connected one with another, or 
in basins from one to one hundred acres in extent, which have no outlet but 
are surrounded by land 5 feet or perhaps 10, 20, or 30 feet higher upon all 
sides. The small swamps which fill these depressions are called skmghe or 
mar»he», the former name being most in use upon the prairies. Many other 
depressions, which difler from the foregoing only in their greater deptli or 
area, contain bodies of watet, which vary from a few hundred feet to five or 
ten miles in length. All these are called la/ui; and the term pojtd, which 
would be applied to these in the north-eastern United States, is here - 
restricted to reservoirs made by dams. 

Glaeial Origin of Superjieial SepoiiU and CinUovr. The portions of the 
«arth upon which natural lakes abound are further characterized by surface 
■deposits of clay, sand, gravel, and boulders, mixed together in the same 
mass, which is called till, boulder-clay, hardpan, or unmodified drift. The 
rock -fragments are of very diverse material and origin, having been gathered 
from ledges that are in place in widely separated districts. The direction 
in which these boulders and pebbles have been carried is from north to 
south, or to the south-east or south-west, throughout the northern Uniled 
States and in adjoining Britisli territory. In these and all other drift-covered 
regions the bed-rocks are marked by parallel scratches and furrows, called 
strife, that run in the direction in which the boulders have been transported. 
The glaciers of the Alps and of Greenland show us such markings and 
similar deposits ot drift now in process of formation ; and there are no 
other known agencies capable of producing these eflects. It is therefore a 
necessary conclusion that the last period in the geological history ot tliis 
region brought a very cold climate in which a vast ice-sheet was accumu- 
lated, each year adding something to its depth by the excess of snowfall over 
what could be removed by melting and evaporation. Its greatest thickness 
■was far at the north, where the solid ice probably t>ecame several miles 
■deep ; and the pressure of this vast weight caused it to flow slowly outward 
in all directions from its deepest part. The superficial materials formed bj- 
decomposition of the rocks before this glacial period, were then ploughed 
up, mingled with large additions by erosion of tlie underlying ledges, and 
carried forward in the direction ot the ice-current. It appears, also, by 
shells and trees found deeply buried between glacial deposits, that this ver^ 



.yCOClgIC 



72 EIGHTH ANNUAL BEPOBT. 

cold period was not one unbroken reign of ice, but that this retreated and 
readvanced, or was possibly at some times nearly all melted and then accu- 
mulated anew. Thus periods of ice alternated with interglacial epochs, in 
which animal and vegetable lite spread again northward, following closfr 
upon the retreat of the ice-flelds. Bj each new advance of the glacial sheet 
much of the previous surface would be ploughed up and redeposited ; hence 
we find only few and scanty remnants of fossitiferbus beds in the glacial 
drift. At the disappearance of the last ice-sheet these drift«d materials,, 
seldom modified by water in their deposition, formed a mantle 100 to 200 
feet thiclc, which throughout the region_here described completely covered 
the solid rocks. 

The gently undulating contour of most of this region appears to mark 
areas over which the ice-sheet moved in a continuous current, and from 
which it disappeared by melting that was extended at the same time over a 
wide field. The inequalities of surface are very slight in comparison with 
the tbickneBS of the drift, and the average height generally rises or falls 
imperceptibly, its slope being often not more than 50 or 100 feet in as many 
miles. These general changes in altitude, which affect tlie whole country 
and give direction to its drainage, are doubtless produced by differences itt 
height of the bed-rock upon which the drift lies as a sheet, probably some- 
what uniform in depth ; but the small elevations and depressions appear to- 
be due to the accumulation of different amounts of till in and beueatlk 
adjoining portions of the moving ice-sheet. This unequal deposition of the- 
drift has produced the multitude of lakes which dot the map of Minnesota. 
Tlie lapse of time since the ice-age has been insufBcient for rains and 
streams to fill these basins with sediment, or to cut outlets low enough to- 
drain them ; though in many instances we can see such changes slowly going 
forward. 

Terminal Moraine of the lee- Sheet— The most noticeable deposits of an 
alpine glacier are its terminal moraine, or the heaps of rock- fragments and 
detritus which it carries forward to its termination. This frontal line often 
remains at nearly the same place- through many years or centuries. The 
flowing ice continues to this limit, wbere it is melted, and the materials 
which have fallen upon its surface from bordering cliffs, or which it has 
ploughed up from below, are here left at its end in heaps, ridges and hillocks, 
of very irregular contour, due to slight retreats and advances of the ice- 
front, and of greater amount than the deposits which appear upon tlie area, 
over which it moved, exposed when any climatal change causes the glacier 
to retreat a considerable distance. Within the fleld here reported we find 
similar but much greater accumulations of drift which appear to have bceui 
amassed where our last ice-sheet had its termination tlirough a long period. 
The only notable hills of this area are of this origin. They have no- 
exposures of solid rock, but form part of a belt of rough and billy drift, 
where steep slopes and abruptly curving and broken outlines prevail. 

Thb series of hills and rough land extends tlie whole length of tliis area, 
250 mites ; and beyond these limits it appears to be of the same age with a. 
similar belt of hilly drift which has been traced across Wisconsin in the 
recent geological survey of that state, wliere it is called the Kettle Moraine. 
Farther east it is probably represented by similar deposits which cross north- 
eaatem Illinois, thence bend north-eastward into southern' Michigan^ again. 
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tum to the south and east through Indiana and Ohio, appear in eastern 
Pennsylvania and northern New Jeisey, and have been traced by the writer 
of this along the north shore of eastern Long Island, through southern 
Rhode Island, in the Elizabeth islands, and along Cape Cod to its east shore. 
West of Minnesota our series of hills is continuous, by a loop that reaches- 
into northern Iowa, to the great drift-range which has been called in it» 
south-east portion the Coteau des Prairies and farther north-west the Coteau 
de Missouri, extending to the North Saskatchewan river, 350 miles west of 
Lake Winnipeg. These moraintc accumulations, traced more than half 
way across the continent, are thought to mark the line to which the ice- 
sheet advanced and where it had its termination through the principal part 
of the last glacial epoch. At a previous period it reached much farther 
south, carrying its drift somewhat beyond the Missouri river and nearly to 
the Ohio. The limit of the ice in this earlier epoch was 300 miles south of 
our temlinal moraine. 

Medial M(frain^. Before describing these hills in Minnesota, it is needful 
to mention that other lines of detritus and boulders, called medial moraines, 
are formed by alpine glaciers wherever tliey meet from confluent valleys, 
thence flowing onward together. Series of drift-hills of like origin are asso- 
ciated with the terminal moraine of the continental ice-sheet, which is found 
to have its course in long curves, convex toward the south and joined with 
each other by angles that point northward. The glacial sheet is thus known 
to have had its front divided in vast lobes, each of which had a diverging- 
current, directed at all sides perpendicularly toward its curved frontaT 
moraine. North from the angle of adjoining ice-lobes their currents pushed 
against each other, and along this line of confluent ice- fields medial moraines 
were accumulated, consisting of irregular hills, ridges and mounds of drift, 
of the same character with those that were formed along the margin of the- 

The moratTie in weitern, Xinnetota is partly medial and partly terminal. 
Beginning beyond the northern limit of our exploration, its course is from 
the vicinity of Rice lake, near the head of the Wild Rice river, south-south- 
west 20 miles to the east side of White Earth lake. This portion of the- 
moraine has hills 50 to 100 feet high seen from the top of the new school- 
huilding at the White Earth Indian Agency. About this agency the country 
is prominently undulating, or rolling, having its crests 30 to 40 feet above 
the lakes which abound. Its general height is about IfiOO feet above sea, and 
this continues to the sources of the Mississippi, 30 miles east. In the next 
four miles west from White Earth the land descends about 300 feet, to an ex- 
tensive undulating plain, which has its east boundary at a line nuining^ 
nearly due south 20 miles to the Northern Pacific railroad two miles east of 
Audubon. Westward this expanse, declining from 1300 to 1200 feet above 
sea, extends in view from the agency 25 miles, beyond which it again descends 
300 feet in three or four miles to the broad lacustrine plain bordering the 
Re^ river. The course of the moraine, marked by many small hills of very 
irregular and broken contour, is due south for its flrst 30 miles from White 
Earth lake, passing through the townships of range 40 in Becker county. 
This belt is crossed by the road from White Earth to Leach lake, which is 
described aa very rough and hilly to the lieadwaters of Otter Tail river, 
beyond which it is gently undulating for 50 miles eastward. In the western 
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two-thirds of Erie and Burlington (13il and 13S of range 40] these hills are 
finely developed ; thej' rise 50 lo 100 feet above the very numerous and irreg- 
ular depreaaiona, but the general height of the country has fallen off, so thai 
their tops are only 1450 to 1500 feet above sea. Detroit moimtain, at the 
north-east corner of sec, 31, Erie, is one of the highest of these hills. It 
lies at the west side of their principal belt, which is crossed by the roads 
from Detroit to Frazee City, On the north road the typical morainic contour 
is well seen in sees. 7, 8 and 9, Burlington. The coarse unmodified glacial 
drift, or til), of which our moraine for 250 miles is everywhere made, so far 
as observed, is here disposed in a great profusion of knolls, short ridges and 
hills, 20 to 50 fee! high. 

In Otter Tail county this morainic aeries continues from the north-west 
corner of Hobart (t. 137, r. 40,) south-south-west to Spirit lake and Lake 
Lida, 12 miles. It here varies from one to three miles in width. Its knolls 
along most of this distance rise only 25 to 50 feet, but they are piuch more 
abundant and have steeper and more broken slopes than upon adjoining 
areas to the east or west. At the south-east side of Lake Lida it forma a 
range of hills, 100 feet or more above the lake. These are conspicuously 
.aeen from the township of Maine, 10 miles south-east. From Lake Lida 
this moraine widens and covers the first six or seven miles east from the 
Pelican river, above which it rises 100 to 150 feet or more ; being well ei- 
hibited for IS miles in the east portions of Erhard's Qrove, Elizabeth, and 
Fergus Falls. On the road from Maine to Elizabeth its hills are very 
numerous and irregular in outlines, short, trending from north to south more 
freiiuently than in other directions, and separated by hollows 25 to 50 feet 
deep. Here and for six miles southward, the contour along the Red river 
and about Wall lake, though within this morainic hell, has been more 
smoothed than its other portions, probably by floods produced at the with- 
drawal of the ice-sheel. , At Lake Lida these hills have their tops about 
1425 feet above sea ; thence to the vicinity of Fergus Falls this altitude 
gradually diminishes to 1300, not because the hills grow smaller, hut because 
the land on which they lie slopes in this direction. 

The region west of this moraine, including the south-west corner of 
Becker county, the south-east part of Clay county, and the west range of 
townships in Otter Tail county, extending from the Northern Pacific raUroad 
45 miles south, and as tar westward as to the lacustrine basin of the Red 
River valley, is mainly hilly, with the highest elevations SO to 100 feet above 
the hollows. In Ihe east part of Park (t. 138, r. 44,) and perhaps at some 
Other localities, theae hills have a typically morainic contour, being plentiful 
and irregular, small and steep ; but generally they are massive and broadly 
rounded, with long gently curving slopes. Indian hill, in sec. 9, Oscar (t. 
134, r. 44,) affords a fine view of part of this area and of the moraine seven 
miles eastward, while at the west it overlooks the plain of Wilkin county, 
which stretches with very slight descent 20 miles to the Red river. On the 
east side of the moraine the only prominent outlying hills are at the south- 
east corner of Hobart, where a gravelly ridge of irregular contour reaches 
two or three miles from north to south, its highest portion being about 150 
feet above the surrounding country. These are the hilla which one sees 
from Perham, looking north-west. 

The greatest development of the moraine within the limits of Minnesota, 
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19 in southern Otter Tail county, wliere it sweeps in a semicircle from Fergus 
Falls south-east to the south Hue of the county and .thence east and north- 
east to East Leaf lake, a distance of 50 miles. In the first 20 miles, or from 
Fergus Palls to the north side ot Lake Christina, at the north-west comer of 
Douglas count)-, it is divided into two or three belts of roughly hilly land, 
"wilh intervening areas of smoother contour. At one to two miles east from 
Fergus Falls is a narrow belt of irregular bills and hollows, with the crests 
about 100 feet above the river. This series continues one to three miles 
■wide for 15 miles south- so nth-east, through Dane Prairie and Tumuli, into 
the north-east corner of Pomme de Terre township. Next it partly bends 
east to the high hills north of Pelican lake, and is partly represented by the 
less irregular but yet promiaently hilly land which lies between Pelican and 
Pomme de Terre lakes and continues thence a few miles farther south. In 
Dane Prairie and Tumuli this moraine lies at the east side of a series of 
lakes, of which Swan and Ten Mile lakes are the largest. Beside the latter, 
in sees. 27 and 34, Tumuli, the contour for a width of one-eigluh to one- 
fourth mile is in very irregular short hills, 25 to 40 feet above the lake. 
Their trend, north-west to soutli-east, is parallel 'with the lake and with the 
course of the moraine. These small bills are exceedingly rocky vith granitic 
and gneissic boulders of all sizes up to five or six feet in diameter, which 
frequently cover half of the ground for several rods distance. North-east 
from this typically morainic line the land for a few miles Is in massive hills 
and swells, which rise 60 to 75 feet above intervening hollows and lakes. Its 
least hilly portion is St. Olaf township, which has mostly a rolling surface, 
ID extensive swells 30 to 50 feet high. The east part of Tordenskjold ig oc- 
cupied by a second belt of very Irregular hills, which Is connected through 
sees. 19 and 20 and the north part of sees. 7 and 8 with the series that lies 
at the east side of Wall lake and the Red river, reaching north-west to the 
broad area of this moraine in Friberg and Elizabeth. The Tordenskjold 
liills are also joined from the north by another line of drift deposits, having 
a very rough contour in knolls, ridges and hillocks, 25 to 75 feet high, which 
extends ten miles with an average width of one mile, from sec. 15, 3Iaine, 
south -south -east by the east side of Turtle lake. The wide moraine result- 
ing from the union of these subordinate series continues south-east to Lake 
Christina. Where it is crossed by the road from Clitherall to St. Olaf, its 
first and highest hill is called " Dutch Bluff." At the south side of this, 
about 125 feet lower, is a pretty lake, half a mile long, bordered all around 
by morainic hills. This belt of short ridges, knolls, and hollows, has a width 
of three miles thence to the south-west. 

The LeafSiUt. In Eagle Lake township, at the north side of Lake Chris- 
tina, the last described series and that which comes from the south-west by 
the north side of Pelican lake, are united ; and thence for the next 20 miles 
to the east and north-east the moraine forms a range five to three miles 
■wide, composed of very irregular, roughly outlined hills, 100 to 300 feet high 
This portion of the moraine is widely known by the name Leaf mmintains' 
We also occasionally hear this name applied to its similar but less promi- 
nent portions in the west part of this county ; and at White Earth agency I 
was informed that these hills in Becker county are sometimes called a 
branch of the Leaf mountains. Northeast of East Leaf lake, where the 
moraine is crossed by the road from Wadena to Otter Tail lake, its eleva- 



3vGooglc 



76 EIGHTH ANNUAL RBPOET. 

ttonsrlse only about 100 feet and are named Leaf Mis; which eeema a more 
appropriate title, and will bo used in tbia report to include the highest pari 
of the range. Tlie common name has currency because they are the only 
hills in thig part of Minnesota which are conspicuously seen 'at any great 
distance. 

Heights of tiie Leaf hills and adjoining region are as follows: average 
elevation of south-eastern Otter Tail county, 1375 to 1400 feet above sea; 
Wadena, 135S; New York Mills, 1418; Perham, 1375; Alexandria, 1391; 
Evansville, 1354; Lake Christina, about 1200; St. Olat, 1344; Turtle lake, 
1331 ; Otl«r Tail and Rush lakes, about 1325 ; East and West Leaf lakes, 
about 1340 ; East and TVest Battle lakes, about 1338 ; Clitherall lake, 1341 ; 
Nidaros plain, south-east of last, 14S0 to 1460 ; Dutch bluff, about 1450 ; 
Leaf hills in Eagle Lake township, 1400 to 1500 ; in the north-eaat corner of 
Lund and north-west edge of Millerville, Douglas coijnty, 1500 to 1600 ; in 
Leaf Mountain township, 15.^0 to 1650 ; in the north-west part of EfBington, 
1600 to 1700 ; highest summit of the Leaf hills, thought to be in sec. 32, t. 
132, r. 38, about 1750 ; thence for seven miles north-eastward, 1650 to 1600 ; 
depression in range crossed by head of Leaf river, about 1425 ; hills in nest 
six miles north, to where the series is agbln crossed by this river below East 
Leaf lake, 1640 to 1450. 

The road from Alexandria to Clitherall crosses this range in the township 
of Leaf Mountain. The summit of the road is near the south line of this 
township, about 1535 feet above sea. The top of a hill a quarter of a mile 
east of this and about 125 feet higher,aBord8 a fine view of these "mountains," 
which westward and north-eastward rise in most tumultuous confusion 150 
to 250 feet or more above the intervening depressions They are massive, 
though very irregular in contour, with steep slopes. No prevailing trend 
is noticeable. Between them are enclosed frequent lakes, which vary from 
a few rode to a mile in length, and one of the largest lies at the north-east 
foot of our hill. The material is unmodified drift, nearly like that which 
forms veiy extensive gently undulating tracts elsewhere. The principal 
difference is that rock -fragments, large and small, are generally more 
numerous upon these hiils, and occasionally they occur in great abundance. 

The Leaf hills are also crossed by the road that runs north-west from 
Parker's Prairie, In t. 132. r. 38, this road winds three or four miles among 
their knolls, hills and short ridges, rising about 100 feet above the land on 
each side. Again, in going from Otter Tail lake to Wadena, this range is 
encountered one to two miles north-east from East Leaf lake. Here ita 
hillocks are only 40 to 60 feet above the hollows, and 100 to 125 feet above 
the lake. Their material is gravel and sand with enclosed boulders, unlike 
the stony and gravelly clay which makes up most of these morainic accumu- 
lations. This belt of irregular hillocks and hollows, occupying a width of 
about two miles, next extends in a course a little west of north 12 miles, 
running midway between New York Mills and Rfesh lake, and ends (so far 
as we are able to report) in hills which rise 100 feet above the general level 
at the south aide of Pine lake. 

Outlying hills west of this series occur along the south side of the Leaf 
lakes, where they are 50 to 75 feet high ; and for two miles south from East 
Battle lake, above which they rise about 150 feet. On the east side of this. 
e two lines of hilly and irregular contour have been noted branching 
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off from it. The most northern atarta four miles south from the east end of 
East Leaf lake, and estenda nearly due east through iDmaa and Oak Valley 
into the north-west township of Todd county. On the road from Wadena 
to Parker's Prairie this line is represented by a nearly level tract of unmod- 
ified boulder-clay, in contrast witt a!l the rest of this road whicli has only 
stratified gravel and sand. Two miles farther east, in sec. 9, t. 133, r. 35, it 
rises in conspicuous hills fully 100 feet above the general level. The other 
series starts from the highest part of the Leaf hills, 15 miles south of Leaf 
lakes, and passes south-east into Douglas county. In its first few miles this 
range decreases in height from 200 to 75 feet. At the north line of Bouglas 
county it divides into two divergent belts, both showing a rough and broken 
surface, though the hills of each are only 7S feet or less in height. One 
of these continues south-east and east through Spruce Hill township, hej-ond 
which it has not been traced ; the other runs south-south-west to the north- 
west side of Lake Miltona, along the west side of Lake Ida, by Elk lake and 
the west part of Iiake Lobster, to the conspicuous hills, about 16(> feet high, 
at the south-west comer of Moe. Each of these belts averages about one 
mile wide. The latter, in its farther extent, seems to lead by a continuous 
course from the prominent Leaf hills to the almost equally noteworthy 
development of this moraine through 40 miles' distance in southern Pope 
and northern Kandiyohi counties. 

It may be here remarked that the Leaf Hills are thought by the writer to 
he a terminal moraine accumulated at the north-west end of a narrow area, 
wliich was not covered by ice in this epoch, but was bordered on its north- 
east and south-west sides by vast lobes of the ice-sheet. This seems to be 
indicated by the position of angles in the moraine, with branches, which 
were probably medial, extending from them ; as also by associated deposits 
of stratified drift which cover extensive areas eastward; while it is obvious 
that such form of the ice-sheet would correspond to that which it had at an 
earlier period when it reached farther and surrounded a large drittless area 
in front of this at the south-east. The terminal moraine formed at the ice- 
margin in our last glacial epoch Is therefore thought to be represented 
by some branch extending east and south-east from the Leaf hills. Tliat 
region has not yet been explored in reference to its drift formations; but it 
is believed that a morainic belt will be found traceable continuously to the 
drift- hills of Manomin, the south-west part of Ramsey county, and West 
Saint Paul, there crossing the Mississippi river twice and thence bending 
«ast to Lake St. Croix, beyond which its course for the next 50 miles is 
north-eastward as traced by Prof. Chamberlin, in the geological survey of 
Wisconsin. 

The portion of the moraine reaching from northern Becker county to 
Fergus Falls or perhaps to the south line of Otter Tail county, and also that 
from the highest part of the Leaf hills to Pine lake, are then probably 
medial deposits of drift heaped where opposing ice-currents met. The ter- 
minal moraine formed at the west side of the area that is supposed not to 
have been covered by ice at this time, may be represented by the line of 
irregular low hills which runs by Lake Ida ; but it seems more likely that it 
is found in the rolling tract, nowhere very rough and broken in outlines but 
rising in smooth swelling hills SO to 75 or 100 feet high, extending from the 
liigLer hills at the south-west corner of Aloe north-westward to Pelican lake 
and Lake Christina. 
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From tlie liills in Moe and the north-east part of Solum, lying on the north 
and west sides of Lake Oscar, the tenninal moraine, seldom much elevated 
above the adjacent country, tjut distinguished by its irregular hills and hol- 
lows, continues with an average width of about one mile, first south-west 
and south 12 miles to the bridge across Chippewa river in sec. 32, Nora ; 
then south-east, east, and east- north- east 18|mile3, passing along the north 
Bide of Lake Whipple to Glenwood. 

The heiglit of I^ake Whipple (also called White Bear lakp) is estimated to 
be about 1100 feet above sea. It is situated near the center of Popecounty, 
and is the largest lake ot the county, being seven miles long with an aver- 
age width of two miles. At its north side, within a half mile or so back 
from ita shore, the very irregular bluffs of this moraine rise 150, and in a few 
places 200 feet. This ascent forms the margin of a gently undulating 
plateau which extends indefinitely northward, with an average elevation 
about the same as the top of these bluffs. At Glenwood the moraine bends 
southward around the east end of the lake, and thence it appears to be 
represented by prominent hills along the line between Barsness and Chip- 
pewa Falls, joining the well-marked morainic range of southern Pope county 
at a point 10 miles south of Glenwood. The broken bluffs bordering Lake 
Whipple at the north and east are thus regarded as the terminal deposits of 
ice which was pushed north-eastward, covering the place now occupied by 
this lake ; but before the close of this epoch, the ice-front here retreated 
Bfiveral miles, after which it halted, perhaps with some readvance, forming a 
more conspicuous terminal moraine in Blue Mounds and Barsness, which 
continues thence finely developed for 40 miles to the east- south- east and 

The township of filue Mounds lias its name from the hills of this moraine, 
which begins a mile north-east from the east end of Lake Emily, and extends 
in a range of very irregular contour, 150 to 200 feet high, or about 1250 to 
1300 feet above sea, east along the south aide of Signalnas creek, easl-sonth- 
east through Barsness, by the north side of Woodpecker lake, and between 
Scandinavia lake and Chippewa Falls, and thence south-east to the south 
side ot Lake Johanna township, where it enters Kandiyohi county. The 
road from the west end of Lake Whipple to Benson first crosses massively 
hilly land, 150 feet high, then descends about 100 feet to Signalnas creek, 
and next climbs about 1S5 feet among the picturesque ridges and hillocks of 
the moraine, reachinga point only 30 or 40 feet below its highest summits, 
which lie within one and a half miles eastward. The range here consists 
mainly of steep ridges of variable height and length, sometimes a half mile 
Iqng, running from west to east, with many enclosed irregular hollows. 
The road from Glenwood to Benson also passes over high swells north of 
this moraine, whose short, prominent west-to-east ridgea it crosses in sees, 
20 and 29, Barsness. A beautiful little lake is seen here in a deep hollow of 
these hilis below the road at its west side. Upon reaching the top of the 
moraine by these roads, one unexpectedly discovers yet higher land within 
a few miles at the south and south-west, where the north part of Langhei 
consists wholly of massive swells and hills, 50 to 75 feet above the enclosed 
depressions and lakelets. This is the highest land in Pope county, being 
fully 100 feet above the moraine, or 1400 feet above sea. The view from it 
southward and westward overlooks a gently undulating, but in the distance 
apparently level tract, 300 to 350 feet lower, extending to the horizon. 
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The western and southern part of Chippewa Falls gradually becomes more 
and more IiHlj' as we approach the morainic series at the south and west 
sides of this township. From Pope Summit, a quarter of a mile north of 
the Tillage and about 12S feet above the dam, the north-west to south-east 
range of the terminal moraine is seen rising to about equal height two miles 
farther south. At the south-west side of Lake Johanna a prominent mass 
of higlilacd rises 125 feet or so above this lake. Its south-west margin, in 
sec. 30, descends in rough and broken morainic outlines, forming a part of 
this series. Here and in its farther course through Kandiyohi county, its 
highest points are about 1250 or 1300 feet above sea, being 75 to 100 feet 
above the general level. In the north part of Norway Lake and south-west 
■part of Colfax, it forms a roughly hilly belt two to three nliles wide. It is 
Giiely seen at the north side of Norway lake and Lake Andrew, where it is 
called the " Blue hills," or sometimes a " branch of the Rocky Mountains." 
Its highest knob, called Mount Tom (at south-east corner of sec. 35, Colfax,) 
commands a fine view. The material of this hill is coarse drift, holding 
occasional angular boulders up to four feet in diameter and many smaller 
fragments, mixed also with a large proportion of water-worn gravel. At 
one point 40 rods north- north- east, boulders up to six feet in diameter 
are veiy abundant. The contour here is typically morainic, in short west- 
to-east ridges of unequal height, very steep, especially on the south side, 
with correspondingly irregular hollows. Eastward this moraine forms 
prominent hills in the north-east part of New London and north part of 
Irving. These cover an area about three miles wide north of Green lake, 
above which they rise 100 to 150 feet. One of these hills in the south part 
of sec. 31, Roseville, is called " Sugarloaf Peak." At the south-east comer 
of Roseville this moraine is called -'Cape Bad Luck." The road here climbs 
100 feet over a profusion of knolls and hillocks of every form, with no pre- 
vailing trend, 25 to 50 feet high above the numerous hollows, which often 
bold little marshes or lakelets. 

This moraine is very prominent from Blue Mounds to Cape Bad Luck, 
along a south-east and east course of 40 miles. Though it is well known 
that generally the drift was transported southward, or in some direction 
between south-east and south-west, it seems necessary to attribute the for- 
mation of this range to a glacial current flowing north-east. It appears to 
mark the north-east boundary of a vast lobe of the ice-sheet, which extended 
from the Leaf hills to northern Iowa and had its west side at the Coteau. 
The moraines of its margin were pushed forward by the diverging currents 
of this Ice-lobe, which in approaching its edge were everywhere turned 
perpendicularly, or nearly so, towards its terminal line. The evidences 
which usually show in what direction the ice-currents moved, namely, 
atris, and the parent ledges from wjiich boulders have been derived, are 
wanting here, and cannot be appealed to in support of this opinion. No 
exposures of the underlying rocks have been found in all this region, except- 
ing at one spot seen by Owen on the Red river, a little above Fergus Falls, 
and commonly along the deeply excavated valley of the Minnesota river, 40 
miles south-west. The position of this valley coincides approximately with 
the axis of this ice-lobe, being so far removed from each of its sides that 
theoretically it should show no deviation from the axial current. Its stris, 
observed at numerous places, all bear nearly south-east. In the absence of 



3vGooglc 



85 EIGHTH ANNUAL ItBPOKT. 

these usual proofa, the reasons for our belief are the coutinuitf ot this mo- 
raine from the Leaf hills to the Col«au br a great southward loop, of which 
the range of drift-hills in Pope and Kandiyohi counties forms a part ; the 
wide nearly level area of glacial drift, which is enclosed by this looped hilly 
l)elt ; the occurrence of a medial moraine on the south side of the terminal in 
Eandiyohl county; and areas of modified drift north of this terminal 
moraine, sloping away from it, and thus showing that the waters discharged 
from the ice-sheet flowed in this direction. 

The medial moraine alluded to extends from Mt. Tom four miles south- 
south-east ; it then bends south-westward in sec. 30, New London, and is 
finely seen for 12 miles, passing along the north-west side of Hingo, Nevada 
and other lakes, to Ostlund's hill in sec. 22, Mamre. Its contour is typically 
uneven, being composed of a mixed variety of hillocks and short ridges with 
many hollows. Throughout most of its course its elevation is,only 50 to T^ 
feet above the general level. Its highest points are the two Dovre hills, 
about 125 feet above adjoining lakes. The road at the south-west corner of 
sec. 16, Dovre, rnns between these hills, which, though of little height, are 
yet prominent as compared with the rest of this district, so that they are 
conspicuotislj- seen for several miles around. They are made of nearly the 
same kind of drift as Mt. Tom, but have more numerous rock -fragments, 
hotlt large and small. Wherever a prevailing trend is noticeable, it js parallel, 
or nearly so, with the course of the series, as has been also noted respecting 
ihe terminal moraine at several places 

South-eastern Pope county contains several areas of modified drift, within 
two or three miles north of the terminal moraine, ^vhich appear to liave 
been deposited by floods from a melting and retreating ice-sheet. One of 
these areas of stratified gravel and sand forms an elevated plain a mile 
across at the south-east side of Lake Johanna. It is bordered on all sides by 
land 50 to 80 feet lower, and its southern portion ia about 90 feet above the 
lake. It has a descending slope to the north, amounting to ten feet in its 
mile of extent. Another plateau of similar material, extent, height, and 
slope of ten feet per mile to the north, occurs on the west side of Lake 
Johanna ; and a little farther north, in sec. 6, Lake Johanna, and sec. 1, 
Oilchrlst, are others someWhat lower, also sloping northward. These 
plateaus of modified drift have steep sides and nearly or quite flat tops. The 
intervening tracts are gently undulating lowland, also mostly modified drift, 
SO to 75 feet below these high plains. The origin of these deposits seems 
to have been from glacial melting, which washed away a portion of the drift 
material tjiat was held in the ice-sheet, and spread it upon these areas while 
they were still bordered on the east and west by ice- walla. The slope proves 
that these waters flowed northward. As these beds lie in front of the ter- 
minal moraine, It appears that the}' are of slightly earlier formation, or that 
they belong to some time in this epoch when the ice-front advanced a few 
miles beyond its ordinary limits. 

Another noteworthy area of modified drift occurs in RoseviUe, north of 
Cape Bad Luck. Here the terminal moraine is bordered at its north aide for 
four miles by a flat of gravel and sand, extending from two to three miles 
wide to Crow River, in which distance it descends about 40 feet. This d«- 
posit was probably formed by floods, which were poured down from the ice- 
aheet at the same time that its terminal moraine was being accumulated. 
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At lowerstagesof these waters, a^ in winter, channels were cut in this plain 
one of these, containing a narrow lakelet, occurs close east of the school- 
house in sec. 22. Similar, but more extensive plains of modified drift arc 
marked features in the topography of Long Island, Martha's ¥ine}'ard, 
Nantucket and Cape Cod, where thej lie ia front (which is there south} of 
terminal moraines, sloping away from them and crossed by old water-courses. 

The continuation of the moraine beyond Kandiyohi county forms a wider 
belt of drift-hills, which seldom have the peculiarly rough and broken con- 
tour seen farther north-west. It runs through Meeker, Wright, eastern Car- 
ver and south-western Hennepin counties. On the opposite side of Minne- 
sota river it bends south, including the north-west comer of Dakota county, 
the east half of Scott, western Rice and the east edge of Le 8ueur county. 
These hills rise 40 to 100 feet, rarely more, above the intervening depressions, 
marshes and" lakes. TJiey are massive, with moderately steep or gentle 
slopes, sometimes being nearly a mile long and properly called swells 
because of their smoothed flowing outlines. It is also to be noted that the 
boundary of these morainic accumulations becomes somewhat indetinite ; 
there is a gradual change from the slightly undulating areas at each side to 
rolling land, and then to hills ; and these, usually with no prevailing trend, 
are scattered more or less thickly upon a belt 5 to IS or even 25 miles wide. 
This hilly tract extends through the north edge of Meeker county, by the 
south side of Koronis or Cedar lake, tlirough the north part of Manannah, 
and eastward includes nearly all of Forest Prairie township, Forest City, 
except its south-west portion, and Kingston. Farther south, much of this 
county is specially hilly and must be reckoned as part of this morainic belt. 
Of this character are Dassel and the wooded eastern portion of Darwin, 
Collinwood in less degree, Ellsworth in its north and west portions. Green- 
leaf, the north-east part of Cedar Mills, northern Danielson, soutb-westei'n 
Litchfield and most of Acton. Hjlls also occur one mile north of Litchfield, 
and five to eight miles north-west in the wooded portion of Harvey. The 
eame hilly land reaches also north-westward, lying at the south side of the 
typical moraine, and occupying through Kandiyohi and north-eastern Swift 
counties a width that decreases from 20 to about 5 miles. The Langhei 
hills, south of Blue Mounds, are the west end of this tract. These too are 
its only portion that rises into greater prominence than the terminal moraine. 
Elsewhere these hills are only 40 to 60, or occasionally, as about Swift Falls, 
TG to 125 feet high. At their south-west side the land becomes gently 
undulating or sometimes Sat, as in Lake Lillian and Cosmos, forming the 
margin of the monotonous expanse of nearly level unmodified glacial drift, 
which reaches thence 75 miles to the hilly Coteau. 

In Wright county it is the shorter task to enumerate the districts which 
are comparatively level. Such are the east portions of South Side and 
French lake ; south-westwn Corinna ; Clearwater prairie, three miles long ; 
Sanborn's or Moody's prairie and adjacent portions of Silver Creek town- 
ship : and Monticello and West prairies, together six miles long and two to 
three miles wide. These areas, like the level tract, nine miles wide, which 
includes the greater part of Darwin and Litchfield in Meeker coimty, consist 
of modified drift, or beds of gravel, sand, and clay, gathered from the ice- 
sheet and deposited by the waters of its melting. In southern Wright 
county, the vicinity of Waverty, Howard Lake and Smith Lake, and most of 
6 
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the townships south of the railroad, exceptiog Franklin in which Delano is 
situated, consist of nearly level or gently undulating areas of unmodified 
drift. The swells and hills of this county are mostly 40 to TS feet high. 
In itg south-east portion they rise 100 to 125 feet above Crow river. Among 
these hills are numerous lakes, which lie In gently sloping hollows, seldom 
having steep shores. The most rough and typically moralnic area observed 
is In the south-east part of BUver Creek township, where from Silver lake to 
Lake Ida the contour is a multidude of small hillocks and ridges of unmod' 
ifled drift, 30 to -^0 feet above the hollows, with no parallelism or prevailing 
trend. Thence a somewhat similar formation continues five miles north to 
the river-road. Especially prominent hills, two miles south of Clearwater, 
and two miles south-east of Monticello, also deserve mention. These hills 
tn Meeker and Wright counties varj In height, descending eastward with 
the general slope of the country, from I22S to 1000 feet above sea. 

Hennepin county is crossed by this belt of hills in its west and south-west 
portions, and they are finely exhibited about Minnetonka lake (922 feet in 
altitude,) above which they rise SO to 100 feet. In Carver county the town- 
sliips of Chanhassen and Laketown, the north-west part of Chaska, and 
northern Dahlgren, are a portion of the same belt of massive hills, with no 
uniformity of trends, elevated 40 to 75 feet above the hollows. A. rolling 
surface, with swells half as high as the foregoing, continues west to Toung 
America. The remainder of Carver county, excepting its border along the 
Minnesota river, is gently undulating or nearly level. All these areas are 
unmodified drift. 

In Eden Prairie and Bloomlngton the moraine extends along the north 
side of Minnesota river, to within about eight miles south-west of Fort 
Snelling. The river'bluff here Is 140 feet high, and at a mile or two north- 
ward these morainic hills rise 100 feet higher, their tops being S-'JO feet 
approximately above sea. South-east of the Minnesota rh-er drift-hilb, 
some of which attain equal or greater height, occupy Burnsvllle, excepting 
the river valley, and the west part of Lakeville, in the north-west edge of 
Dakota county. They also cover eastern Scott county to a meridian line 
drawn through Shakopee. Here these swells and hills generally rise 30 to 
60 feet above the hollows, and In some districts 75 to lOO feet. They are 
most numerous and prominent along a south- south- west course from Bums- 
ville to the south part of Cedar Lake township. Farther west in Scott 
county, the contour is moderately undulating in swells 10 to 30 feet high. 

The western part of Rice county, notably its west range of townships, 
consists mainly of these terminal drift- deposits, often roughly hilly. In Le 
Sueur county they give a rolling contour to the east side of Lanesburg, to 
Montgomery and Kilkenny, and in less degree to Lexington, Cordova, and 
Elysian; while in Waterville, at the south-east comer of this county, they 
form hills 50 to 125 feet high south of lakes Tetonka and Sakata. This was 
the south-eastern limit of my exploratioa. The continuance of this moraine 
to the Coteau de Missouri has been already stated. As part of the field- 
work of nest 3-ear, we hope to make a thorough examination of that region ; 
and also of that lying eastward from the Leaf hills and thence south to the 
hills of Manomln, in which distance there seem to be reasons for believing 
that another terminal moraine, contemporaneous and continuous with the 
Leaf hills, will be found, marking the south-west limit of -a lobe of the ice- 
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sheet that pushed outward from Lake Superior and its bordering bigh lands. 
A. inap of this formation will be presented in our final report. 

River Ss»tem». The drsinago of the portion of Minnesota here described 
ia not much influenced by the presence of this qioralac. Its accumulations 
rise to great prominence only in the Leaf hills. Generally thejara not more 
than 100 feet high, and are separated bj frequent hollows, which allow a 
free passage to streams. In compariaOD with the wider areas of gently 
undulating land, this htlly belt i» narrow ; and its highest elevations are 
small in comparison with the greater changes of altitude which come in 
gradually and almoat imperceptibly in traveling 100 or 200 miles, such as 
that which makes Douglas, Otter Tail, and Becker counties 500 to 700 feet 
above Minneapolis and Saint Paul. The course of the moraine coincides 
nearly with the watershed dividing the basin of the upper Mississippi from 
that of the Minnesota river ; but this height of land and consequent division 
of drainage are probably due to the height of the underlying rocks rather 
than to the thickness of drift there. 

The principal tributaries to the Mississippi river, Sowing partly or mainly 
from this area, are the Crow Wing river, whose branches, Shell, Leaf, and 
Long Prairie rivers, drain the east portion of Becker, Otter Tail, and Doug- 
las counties ; the Sauk river, which has Its headwaters in Osakis lake, and 
in the north-east corner of Pope county; the Clearwater river, draining ' 
north eastern Meeker and north-western Wright counties ; and the Crow 
river, which has its waters from the east edge of Pope, eastern Kandiyohi, 
north-easteru Renville, Meeker, Wright, McLeod, and northwestern Carver 
counties. The farthest source of the Crow river, in Orove Lake, Pope 
county, is 90 miles from its mouth, in a direct line. 

Winnipeg lake and Hudson bay receive the drainage from the north-wc<it 
part of our area, by the Red River of the North, which this n'])ort, foIloW' 
ing the example of Owen, calls by this name from the mouth of Otter Tail 
lake. This is 42 miles east of its junction with the Bois des Sious river at 
Breckenridge, where the Red river turns its course ninety degrees, thence 
flowing north- The Bols des Sioux, a much smaller stream, having its 
source in Lake Traverse, is the continuation of the nearly straight course of 
the Red' river below this junction. The name Otter Tail river is restricted 
to the stream which flows to the south 50 miles from the north aide of 
Becker county, passing through Elbow, Many Point, Height of Land, Fine, 
and Rush lakes, besides others of less size, and emptying into Otter Tail 
lake. The principal tributaries of the Red river from this area are the Wild 
Kce river, one of whose sources is White Earth lake, while its south branch 
drains north-western Becker and north-eastern Clay counties; the Buffalo 
river, which drains the rest of Clay county, and has its farthest sources near 
the center of Becker and in north-eastern Wilkin county, and the Pelican 
river, which Joins the Red river front the north 22 miles east of Breck- 
enridge. The last, 45 miles long in straight line, receives the waters of 
many lakes, of which the largest are Detroit, Cormorant, Pelican, Lizzie, 
and Lida. At Fergus Falls the Red river baa a descent of about 85 feet, 
affording very valuable water-power. The Rabbit river is a small tributary 
to the Bois des Sioux in soutliera Wilkin county ; and the Muatinka river, 
draining western Grant, north-western Stevens, and most of Traversa 
county, enters Traverse lake eight miles from its outlet. 
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The Minnesota river receives only two large tributaries from its norlb 
side, namely, the Pomnie de Terre and Chippewa rivers. The farthest 
sources of the former are lakes In Tordenskjold and Dane Prairie, Otter Tail 
county. Its course is south 7A miles, joining the Minnesota river 20 miles 
below Big Btone Lake. The Chippewa river, nearly parallel with this and 
lying 5 to 15 miles farther east, drains western Douglas, nearly all of Pope, 
the eastern two-thirds of Swift, and the west half of Chippewa county. The 
other branches of the Minnesota river within this area are small, none of 
them esceedisg 30 miles in length, as Hawk creek, 21 miles below the Chip- 
pewa: Beaver creek, again 21 miles south-cast from the last; Rush river, 
in southern Sibley county; Carver creek, at Carver; and, on the opposite 
side of the Minnesota, Le Sueur and Sand creeks, and Credit river, in Le 
Sueur and Scott counties. 

The watersheds - are mostly portions of wide gentiy undulating areas, 
interspersed with frequent takes and sloughs, and have nothing except their 
slightly greater elevations to distinguish them from the basins which they 
divide. The erosion of the drift-sheet by drainage has been small in the 
north and north-east portions of this region, where the valleys, as of Pelican 
river, the upper part of the Red river, and the Crow river, are not generally 
bordered by blufls between which the streams have excavated a passage, or 
■ by bottom-lands that have become filled with their sediment. Instead they 
meander among the hills and swells of the drift, often flowing through 
lakes, and only having occasional bluffs and alluvial lands along the lower 
part of their course. 

Ijoke AgoMa. The lacustrine basin of the Red River valley, and the deeply 
excavated channel which holds Traverse and Big Stone lakes and the Min- 
nesota river, present quite differant and more interesting features, produced 
by the obstruction of drainage in its present course, while the ice-sheet, 
subdued by a more temperate climate, was yielding its ground between 
north-western Minnesota and Hudson bay. During this retreat of the ice, 
great quantities of water were supplied by its melting, loaded, as the 
modified drift shows, with a large amount of gravel, sand and clay. Wher- 
ever there was free drainage away from the ice-front, these materials were 
deposited in the valleys along which these floods descended toward the 
ocean The high water of the rivers, like that which now occurs (or a lew 
days In the freshets of spring, was thus maintained through the entire sum- 
mer ; and this was repeated yearly till the glacial sheet had retreated beyond 
their lines of watershed. The abundant supply of sediment through this 
time gradually lifted these floods upon the surface of thick and wide plains, 
sloping with the valleys. After the departure of the ice, the supply of both 
water and sediment was so diminished that the streams could no longer 
overspread these flood-plains and add to their depth, but were henceforth 
occupied mainly in slow excavation and removal of these deposits, leaving 
remnants of them as plains or terraces, often 100 to 200 feet, or more, above 
their present channel. The Loess bluffs bordering the Missouri river arc of 
this origin. We have now to consider an area where such free drainage 
could not take place, because the descent of the land is northward, in the 
same direction with the retreat of the ice-sheet. As soon as this receded 
beyond the watershed dividing the basin of the Minnesota from that of the 
Red river, it is evident that a lake, fed by the glacial melting, stood at the 
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■foot of the ice-fields, and extended northward as they withdrew along the 
valley of the Red river to Lake Winnipeg, fllling thia valley and its branches 
to the heiglit of the lowest point over wliict an outlet could be found. 
Until the ice-barrier was melted upon the area now crossed by the Nelson 
river, thereby draining this glacial lake, its outlet was along the present 
course of the Minnesota river. At first its overflow was upon the nearly 
level undulating surface of the drift, 1100 to 1125 feet above sea, at the west 
side of Traverse and Big Stone counties ; but in process of time tiiis cut a 
channel here 100 to 150 feet deep, the highest point of which is almost 
exactly 1000 feet above sea.* From this outlet the Red River valley, 30 to 
60 miles wide, stretches 319 miles north to Lake WJunipeg, which is 710 feet 
above sea. Along this entire distance there is a very uniform continuous 
descent of a little less than one foot per mile. The drift contained in ttie 
ice-sheet upon this area, and the silt gathered by glacial rivers from each 
aide, were here deposited in a lake, shallow near its mouth, but becoming 
gradually deeper northwards At the north line of the United States, its 
■depth was 200 feet, and at Lake Winnipeg 300 feel. Beyond our national 
boundary, thia lake covered a larger area, varying from 100 to 200 miles in 
breadth at and west of Lake Winnipeg ; and its total length appears to have 
been at least EDO miles. Because of its relation to the retreating continental 
ice-sheet, it is proposed to call this Lake Agamz, in memory of the first prom- 
inent advocate of the theory that the drift was produced by laud-ice. 

The basin of Lake Agassiz, now drained in its southern portion by the Red 
liver, lias an exceedingly Hat surface, sloping imperceptitily northward, as 
also from each side to its centra! line. The Red river has its course in thia 
Axial depression, where it has cut a channel 20 to 60 feet deep. It is bor- 
dered by only few and narrow areas of hottom-iand, inatead of which its 
banks usually rise steeply on one aide and by moderate slopes on the other, 
to the lacustrine plain wliich thence reaches nearly level 10 to 25 miles from 
the river. Its tributaries cross the plain in similar channels, wtuch, as also 
(be Red river, have occasional gullies connected with them, dry through 
most of the year, varying from a few hundred feet to a mile or more in 
length. Between the drainage lines, areas often 6 to 15 miles wide remain 
unmarked by any water-courses. The highest portions of these tracts are 
-commonly from 2 to 5 feet above the lowest. The material of the greater 
part of this ancient lake-bed is line clayey silt, horizontally stratified ; but 
at its south end, in Traverse county and the south half of Wilkin county, it 
is mostly unstratifled boulder-clay, which difiers from the rolling or undu- 
lating unmodified drift of the adjoining region only in having its surface 
nearly flat. Both these formations are almost impervious to water, which 
therefore in the rainy season fills their shallow depressions, but none of these 
Are so deep aa to fonn permanent lakes. Even aloughs which continue 
marshy through the summer are infrequent, but, where they do occur cover 
large areas, usually several milea in extent. In crossing the vast plain of 
this valley on clear days, the higher land at its sides, and the groves along 

•T6e height at Lake Traverse, according to leveling by United StateB englneere, In con- 
-nef tion with Gen. Warren's rarvey of the Minnesota tiver, ie IMO feet. Thia ie 8 feet above 
Big Stone lake, from which it ii separated at the ioweel place by only a Blight watershed, 
perhaps Ave feel above Lake Traveree. Laiie Winnipeg, by the Hiney of the Canadian 
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its rivers are first seen in the distance as if their upper edges were raised a. 
little above the horizon, with a very narrow strip of sky below. The flrat 
appearance of the tree-tops thus somewhat resembles that of dense flocks of 
birds flying very low several miles away. By rising a few feet, as from the 
ground to a wagon, or by nearer approach, the outlines liecome olearly 
defined as a grove, with a mere line of sky beneath it. Besides this mirage, 
the traveller is also reminded, in the same manner as at sea, that the earth 
is round.. The surface of the plain is seen only for a distance of three or 
four miles ; houses and grain-stacks have their tops visible first, after whlchr 
in approaching, they gradually come into full view ; and the highlands, 10 
or 16 miles away, forming the side of the valley, apparently lie beyond a 
wide depression, like a distant high coast. 

In Clay county the east side of Lake Agassiz coincided nearly with the line 
between ranges 45 and 46. From the north line of the eounty to the North- 
ern Pacific railroad, the land rises about 300 feet in going a few miles east- 
WMd, and thence stretches away 25 miles, everywhere slightly undulating, 
but with little change in its general height. In southern Clay countj' and 
at the east side of Wilkin county, the east shore of this glacial lake ran a 
few degrees east of south, to where it crosses the line of Otter Tail county, 
10 miles west of Fergus Falls. Beyond this it has a south-east course about 
^x miles to the Red river. At its east side along this distance, the glacial 
drift is rolling and hilly, as already described in connection with themOTBine, 
which in south-western Otter Tail county is only 8 to 10 miles east of thig 
basin. From the Ited river the lake shore ran southward through Western 
township; thence in Grant county it appears to curve to the south-east, 
south and south-west. It crosses the railroad about a mile north-west of 
Herman, and Its further course is by a curve south-west, west, and north- 
west, passing through the south-east part of Traverse county, and coming 
to Lake Traverse at its bluffs on the south side of the Kustinka river. Bed 
and Bois des Sioux rivers lie 15 to 20 miles west of this shore-line. 

Be'aehei and deltat, as well as the change from a smoothed to an undulating 
surface, mark the border of this lacustrine area. At and west of Muskoda, 
the Northern Pacific railroad cuts through a thick and extensive deposit of 
sand, with beds of gravel and clay in some portions, constituting a plain 
one and a half miles wide. This extends two or three miles to the north, 
and is also represented by similar accumulations south of the Buffalo river, 
which here enters the area formerly covered by Lake Agassiz. These beds 
have their surfwi 1075 to HOC feet above sea, being 100 feet below the 
adjoining uplands on the east, and 150 feet above the lacustrine plain, which 
begins two miles farther west and extends IS miles to the Red river. They 
appear to be the delta brought down by the Buffalo river and spread in the 
side of the lake at its mouth, Blnce the drainage of the lake the river has 
excavated a large gap through this deposit. A sixth of a mite east of Mus- 
koda station, at the east edge of the delta-plain, is a ridge of interbedded 
gravel and sand, 25 rods wide and 10 feet high, with Its top about 1110 feet 
above sea. A fine section is exposed by Its excavation for railroad ballast, 
showing the stratification to be mainly level, but inclined at the sides par- 
allel with the gently sloping surface. This beach ridge or bar extends about 
a half mile from north to south. It is separated from the higher land cast- 
ward by a depression about 10 feel deep and a quarter of a mile wide. Mar- 
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ginal deposits of consider&ble extent, like the plain of Muskoda, are only 
found where some stream entered the lake ; but beach ridges, similar to the 
foregoing, were noted at several places in crossing the shore-line of this 
lake, and, when attention is given to tracing them, will probably bo found 
continuous through long distances. Such a ridge crosses the north line of 
Wilkin couDtj near the north-west corner of sec. 4, t. 136, r, 46, estending 
at least one and a half miles from north to south. It was again erossed near 
the south-east comer of see. 21, Western, where the road from Fergus Falls 
to Campbell turns from a aonth-west to a more nearly west course. Here 
the ascent from its east side is 10 feet, and the descent at the west about 20. 
The width of the ridge, Including its slopes, is 2i) or 26 rods. About a mile 
farther west the road crosses a second ridge of half this «ize, about 20 feet 
below the first. Une and a half miles north-west from Herman is a beach- 
ridge IS feet above the lacustrine plain at its north-west side. The depres- 
sion south-east of it'is 6 or 7 feet deep and 30 rods wide, and from this there 
is an ascent of about 15 feet to the plain of Herman, which was therefore 
above the level of the lako when this beach was formed. Three miles far- 
ther north-west (at the 183rd mite-post of the railroad) is a smaller beacL- 
ridge. The top of this is about 1035, and of that near Herman about 10S5 
feet above sea. All these beaches consist of sand and water-worn gravel ; 
and in Western and Herman it is noteworthy that all the adjoining areas are 
boulder clay. It is expected tliat a full exploration of these shore-lines will 
be made before the completion of this survey, so that the flnal report ghatl 
contain a map of this lake, so far as it lay within the limits of Minnesota. 

The Outlet of Lake Agmufiz. The excavation of the remarkable valley occu- 
pied by the Minnesota river was first explained in lS6a by Gen. G. E. Warren, 
who attributed it to the outflow from this ancient lake that filled the basin 
of Red river and Lake Winnipeg. This valley or channel begins at the 
northern part of Lake Traverse, and first extends south-west to the head of 
this lake, thence south-east to !Mankato, and next north and north-east to 
the Hississippi at Fort Soeiiing, its length being about 250 miles. Its width 
varies from one to tour miles, and its depth is from 100 to 225 feet. The 
country through which it lies, as far as to Carver, about 25 miles above its 
junction with the Mississippi, is a nearly level expanse of till, only moder- 
ately undulating, with no prominent hills or notable depressions, excepting 
this deep channel and those formed by its tributary streams. Below Carver 
it intersects the hilly morainic belt which has been already described. Its 
entire course is through a region of unmodified drift, which has no exposures 
of solid rock at its surface within long distances upon each side. Probably 
no other channel of equal extent and depth has been eroded in till upon 
either this or the old continent. 

Bluffs in slopes from 20° to 40°, and rising 100 to 200 feet to the general 
level of the country, form the sides of this trough-like valley. They have 
been produced by the washing away of their base, leaving the upper portion 
to fall down and thus take its steep slopes. The river in deepening its 
channel has been constantly changing its course, so that its current has been 
turned alternately against the opposite sides of its valley, at some time 
undermining every portion of them. In a few places this process is still 
going forward, but mainly the course of theMinnesota river is in the bottom- 
land, which descends in gentle or often broken slopes 10 to 40 or SO feet 
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within one fourth to one lialf mile from the foot of the blufis ; then becomiag 
tlie present Sood-plaiD, one eighth to one half mile, or rarely one mile or 
more, in width, with its height 5 or 10 feet above ordinary lowwater. Com- 
paratively little excavation has been done by the present riTer. As we 
approach its source, it dwindles to a small stream, Dowing through long 
lakes, and we finally pass to Lake Traverse, which empties northward ; j'et 
along the upper Minnesota and at the divide between this and Red river, 
this valley or channel and its enclosing bluffs are as remarkable as along the 
lower part of Minnesota river. It is thus clearly shown to have been the 
outlet of Lake Agassiz, excavated while the melting ice-sheet supplied extra- 
ordinary floods, much greater in volume than the combined waters of the 
Minnesota and Ne'laon rivers at the present time. 

This valley in many places cuts through the sheet of drift, and reaches the 
iinderlying rocks, which have frequent exposures along its entire courae 
below Big Stone lake. Their contour is much more uneven than that of the 
drift. Ill the 100 miles from Big Stone lake to Fort Ridgely the strata are 
metamorphic gneisses and granites, which often fill the entire vallev, one to 
two miles wide, rising in a profusion of knolls and lulls, 50 to 100 feet above 
the river. The depth eroded has been limited here by the presence of these 
rocks, among which the river flows in a winding course, crossing them at 
many places in rapids or falls. From New Ulm to its mouth the river is at 
many places bordered by Cretaceous and Lower Silurian rocks, which are 
nearly level in stratification. These vary in height from a tew feel to 50 or 
rarely 75 or lOD feet above the river. From Mankato to Ottawa the river 
occupies a valley cut in Shakopee limestone underlain bi- Jordan sandstone, 
which form frequent bluffs upon both sides, 50 to 75 feel high. After exca- 
vating the overlying 125 to 150 feet of till, the river here found a former 
valley, eroded bj- pre-glacial streams. Its bordering walla of rock, varj-ing 
from one fourth mile to at least two miles apart, are in many portions of 
this distance concealed by drift, which alone forms one or both aides of 
the valley. The next point at which the river is seen to be enclosed by rock- 
walls, is in its last two miles, where it flows between bluffs of Trenton lime- 
stone underlain by St. Peter sandstone, 100 feet high, and about a mile 
apart. This also is a pre-glacial channel, its farther continuation being 
occupied, by the Mississippi river. The only erosion eflected by the Minne- 
sota river here since the glacial period has been to clear away a part of the 
drift with which the valley was then filled. Its depth at some earlier time 
was much greater than now, as shown by the salt-well on the bottom-land 
of the Minnesota river at Belle Plaine, where 202 feet of stratified gravel, 
sand and clay were penetratad before reaching the rock. The bottom of the 
pre-glacial channel there is thus at least 175 feet lower than the mouth of 
the Minnesota river. The excavation of the drift down to the old rocks by 
the outflow from Lake Agassiz, enables us to estimate approximately the 
depth of the general drift-sheet upon this part of Minnesota, It probably 
averages about 150 feet. 

Heights of the bluffs, which form the sides of this valley, composed of 
till enclosing layers of gravel and sand in some places, and frequently having 
rock at their base, are as follows, stated in feet above the lakes and river : 
along the south part of Lake Traverse, 100 to 125 ; at Brown's Valley and 
along Big Stone lake, mainly about 125, the highest portions reaching 150 ; 
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at Ortonville, 130 ; at Lac qui l^rle and Montevideo, 100 ; at Granite Falls, 
150 ; at Minnesota Palls, 16! ; thence to Redwood Falls, Fort Ridgely and 
New Ulm, 163 to 180 ; at Mankato 200 to 225 ; at St. Peter and Ottawa, 220 
to 230 ; at LeSueur and Henderson, 210 to 22fl ; at Belle Plaice and Jordao, 
about 230 ; and at Shakopee 210 to 220. The moralnic hills tJirough which 
this valley extends below Sliakopee are 225 to 250 feet in height. The ele- 
vation ot Minnesota river above the sea ia given on a following page. The 
expanse of till throngh which this channel Is eroded slopes from 1125 feet 
shove sea at Big Stone lake to 9TS at Mankato, in 140 miles ; and thence It 
descends to 925 at Shakopee, in 50 miles. This channel, as far M to 3Ian- 
kato, lies nearly midway between the terminal moraine previously described 
and the Coteau des Prairies, toward each of which there is a very slight 
ascent, sufQcient to cause drainage to follow this central line. 

Lakes Traverse and Big Stone are from one to one and a half miles wide, 
mainly occupying the entire area between the bases of the bluffs. Lake 
Traverse is 23 miles long ; it is mostly less thr.n 10 feet deep, and its greatest 
•depth probably does not reach 20 feet. Big Stone lake Is 26 miles long, and 
its greatest depth is reported to be from 15 to 30 feet. The portion of the 
channel between these lakes is widely known as Brown's Valley. As we 
«tand upon the binffs here, looking down 125 feet on these long and narrow 
lakes in their trough- like valley, which extends across the five miles between 
them, where the basins of Hudson bay and the Gulf of Meiico are now 
divided, we liave nearly the picture which was presented when the melting 
ice-sheet of British America was pouring its floods along this hollow. Then 
the entire extent of the valley was doubtless filled every summer by a river 
-which covered all the present areas of flood-plain, in many places occupying 
as great width as these lakes. 

Oen. Warren observes that Lake Traverse Is probably due to a partial 
silting up of the channel since the, outflow from the Red Biver basin ceased, 
the Minnesota river at the south having brought in sufficient alluvium to 
form a dam ; while Big Stone lake is similarly referred to the sediment 
brought into the valley just below it by Whetstone river. The deep, wind- 
ing channel of the Wlietstone river near its mouth is quite remarkable ; and 
its level alluvium, about 5 feet above the lake, fills the valley, a mile wide 
between Big Stone City and Ortonville. 

Fifteen miles below Big Stone lake, the Minnesota river flows through a 
marshy lake four miles long and about a mile wide. This may be due to 
the accumulation of aUuvium brought into the valley by the Pomme de 
Terre river, which has its mouth about two miles below. Twenty- Ave miles 
from Big Stone lake, the river enters Lac qui Parle, which extends 8 miles, 
■with a width varying from one-half to three-fourths of a mile and a maxi- 
mum depth of 12 feet. This lake, as Gen. Warren suggests, has been formed 
by a barrier of stratified sand and silt which the Lac qui Parle river has 
tlurown across the valley. He also shows that Lake Pepin on the Mississippi 
is dammed In the same way by the sediment of the Chippewa river; and 
that Lake St. Crol.t and the last 30 miles of the Minnesota river are simi- 
iarly held as level back-water by the recent deposits of the Mississippi. 

Ail the tributaries of the Minnesota river have cut deeply into the drift, 
because the main valley has given them the requisite slope. The largest of 
these extend many miles, and have their mouths level with the bottom-land 
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of the MinnBsotB river. Tbe bluSs of all tlieee vallejs arc also eveiywhere 
seamed and gullied by frequent rills and spnngs, manj of which Sow only 
after rains. Few of the large inlets have any great amount of sediment 
deposited opposite their mouths, showing that their excavation was mostly 
done at the same time with that of the main valley. The short ravinea are 
more recent in their origin, and the material that filled their place is com- 
monly spread in fan-shaped, moderately sloping banks below their mouths, 
which are thus kept at a height from 30 to 40 feet above the present flood- 
plain. The road from Fort Hidgely to New Ulra runs along the side of the 
bluS at the only height where a nearly level straight course could be 
obtained, being just above these deposits and below the ravines. 

The valleys of the Fomme de Terre and Chippewa rivers, 76 to 100 feet 
deep along most of their course, and one-fourth mile to one mile in width, 
were probably avenues of drainage from the melting ice- fields in llieir north- 
ward retreat. Between these rivers, in the 22 miles f^om Appleton to Monte- 
video, the glacial floods at first flowed in several channels, wlikh are 
excavated 40 to BO feet below the general leve! of the drift-sheet, and vary 
from one-eighth to one-half mile in width. One of these, starting from the 
bend of the Pomme de Terre river, 1)4 miles east of Appleton, extends 15 
miles south-east to the Chippewa river near the center of Tunsburg. This 
old channel U joined at Milan station by another, which branches oS from 
th« Minnesota valley, running four miles east-south-east : it is also joined 
at the north-west corner of Tunsburg by a very notable channel whicli 
extends eastward from the middle of Lac qui Parle. The latter channel^ 
and its continuation in the old Fomme de Terre valley to the Chippewa, 
river, are excavated nearly as deep as the channel occupied by. the Minne- 
sota river. Its west portion holds a marsh generally known as the "Big 
Slough." Lac qui Parle would have to be raised only a few feet to turn it 
through this deserted valley. The only other localities where we have proof 
that the outflow from Lake Agassis had more than one cliannel are T and lt> 
miles below Big Stone lake, where isolated remnants of the general sheet of 
till occur south of Odessa station and again three miles south-east. Each 
of these former islands is about a mile long, and rises 75 feet above the sur- 
rounding low land, or nearly as high as the bluffs enclosing the valley, 
which here measures four miles across, having a greater width than at any 
other point. 

ELEVATIONS. 

In connection with the foregoing description of topographic features, it 
seeras desirable to present the series of altitudes which have been deter- 
mined in this region by railroad and other surveys. They are mostly copied 
from Prof. Winchell's first, annual report as geologist of Minnesota, in. 
which they were referred to Lake Superior as u datum, calling it 600 feet 
above sea. Since that publication, the researches of Messrs. Gardner and 
Gannett, of the U. S. Geological Survey of the Territories, have shown the 
height of Lake Superior to be 609.4 feet above mean tide. The correction, 
which this requires is adopted in the following tables ; and in those gathered 
from later reports a few other changes are made, as called for by determin- 
ations of other datum points, mainly following Gannett's Lisu of Elevations , 
fourth edition. These heights are stated in feet above mean sea-level : 
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Noribem Paeifie BaSroad. 



Lake Superior 609.4 

Brainerd, 1214 

Misstsaippi river (bed), 1147 

Wadena, 13BS 

Leaf river (bed) 1316 

New York Mill 1418 

OUer Tail river (bed), 1327 

PerhBTO 1375 

Hobart, 1393 

Pelican river (bed) 1346 

Delroit, 1371 

Oak Lake station, 1376 



Audubon, 1317 

Lake Park 1342 

Hawley, 1159 

Muakoda, 1092 

Buffalo river (bed), B47 

GlyDdon, 032 

Moorhead, 913 

Red river, lowwater, 651 

Red river, high water 865 

Fargo 912 

Jamestown, 1416 

MiBsouri river, at Bismarck,. 1649 



St. Paul, Minneapolis £ Mamloba Bailroad. 
a. From St. Cloud (o St. ViTuxtti. 



East Saint Cloud 1020 

MiBsiaaippi river, low water,. . . 963 

Weal Saint Cloud, 1034 

OsakU, 1337 

Victoria, 1378 

Alexandria, 1391 

Ida 1411 

Chippewa river, track, 1369 

Chippewa river, water, 1339 

Evansville, 1354 

Summit, 1 m. beyond last, 1378 

Christina 1228 

St. Olaf, 1344 

Summit, 2^ m. beyond last,... 1366 
Pomme de Terre river, track, . . 1239 
Pomme deTerre river, water,.. 1205 



Red river, at Dayton bridge, . . . 1071 

Creek-bed near BameBVille, .... 997 

Track on bridge here, 1012 

Glyndon, 932 

Buffalo river, track, 928 

Buffalo river, vrater 915 

Averill, 82T 

Felton, 925 

Borup, 921 

"Wild Rice river, track 919 

Wild Rice river, water, 910 

Red Ijake river, track, 857 

Red Lake river, water, 850 

Saint Vincent 






76T 
796 



Saint Paul, 

Minneapolis, 

Lake Minnetonka, w: 

Delano, 

Waverly, 

Twelve Mile Creek,. 
Howard Lake sta. , . . 
Smith tiftke sta.,... 

Cokato , 

Darwin 

Litchfield 

Swede Grove, 

Atwater, , 

Summit, 4'- 
Kandiyohi 
Willmar,.... 
St. John's,.. 
Eirkhoven, . 
De Graff, .... 



—From St. Paid to Breekenridge. 

698.4 Benson, 1042 

830 Chippewa river, track, 1030 

ir 922 Chippewa river, water, 1021 

923 Clontarf, 1041 

1007 Hancock, 1150 

995 Summit, IKmlles beyond last,. . 116T 

1048 Pommede Terre river, track,.. 1073 

1049 Pomme deTerre river, water... 1062 

1022 Morris, 1122 

1127 Summit, 2 miles beyond last,.. 1151 

1125 Donnelly, 1121 

1186 Herman, 1063 

1207 Mustinka creek, 1021 

, 1264 Gorton lOlT 

. 1216 TIntah 991 

. 1124 Campbell 977 

. 1116 Doran, 968 

. 1104 Breckenridge, 957 

. 1056 
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Haetingi & Dakota Baihvad. 



(Can«cted a 



it of Sbahopee i 



HastiDgs, 709.4 

FarmiDgton, 900.(i 

Prior Lake ata., 954 

Prior Lake, water 914 

Shakopee, 7t>8 i 

Minneaots river, low water,.. 704.5 

Hinneaota river, high water, 731 



i with (he height ot Hlnn 

Chaska, 

Daiilgren,'.'.'.!'.'.!!!!' 

Benton, 

Young America 

Tiger lake, water,... 
Olencoe 



Winona £ St. Peter Railroad. 



Winona, 652.fi 

Lewiston, 1211 

Rochester 990 

Owatonna, 1047 

Mankato, 779 

Kaaota, 837 

8t. Peter, . 



Oahawa, 980 

Nicollet 978 

MinneiOta river, high water, . . . 803 

New mm, 835 

Sleepy Eye, 1032 

Marshall 1173 

State line, . . 14T5 



Uinnesota river, high water, 754 Summit of Coteau, ! 

Si. Pavl £ Sioux City Railroad. 

Ttie pioflle o[ tblB line, staled on p. 38 of Qannelt'B Zittt of Eltvatitms, and derived From 
ttie flrBl aniiaal report on the Geology of Mtnnegola, ia 50 feet, approiimatelj, too high, as 
compared with the determination of Minnesota riret by Hie C. S. Engineer Corps. 

Survey for Minnesota Northern MaHroad. 

J358 I Bass 



Wadena, 

Pease Prairie, t. 133, r. 

Clitherall lake 1341 

Turtle lake, 1331 



at FereusFaliB,'. '.'.'.'.! 1181 
Top of dam at Pelican Rapids, 1311 



Survey for SutcMnwn Branch of the Minneapolis * Nortkweittrn Bailviay. 

.... 1045 



Top of Watertown dam, . . 
Ocean marali, 7 ras. W.,. . 
Winsted lake, 



I Swan lake, 

Crow river, low wate 
I Hutchinson, '. 1042 



Lake Itasca, 

Mouth of Leech Lake rivei 
Mouth of Sandy Lake rii 
Mouth of Crow Win^ rivei 
At head of Sauk Rapids,. . 
Saint Cloud, low water, . . . 
Top of Saint Anthony's falls, 

low water, 

One- half mile below Saint An- 
thony's falls, low wal 
Mouth of Minnesota riv< 

Saint Paul, low water, . 

!-aint Paul, high water, 
Hastings, low water, . . , 







1575 


Lake City, low water, 


664.2 


1356 






1253 


La Crosse, low water 




1130 


Dubuque, low water, 


599.1 


991 


Keokuk, low water of 1851, . . 


481.8 


962 


Keokuk, high water of 1661, 


502 5 




Saint Louis, low water, 


394.5 


800 


Saint Louis, high water of 1844 


435.9 




Cairo, ordinary low water, . . . 


291.2 




Cairo, low water of 1871 


279.3 




Cairo, high water ot 1867, .... 


333 


704.4 




184 


685.4 


Memphis, high water, 


219 








670,5 


Baton Rouge, low water, 


34 
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Sfmnetdta River, Unn-tiit 



(Lovfle b; U. E. EnglDeer Cocp?.) 



Big tStooe lake, 

Pomme de Terre river, .".. 

Lac qui Parle 

Chippewa river, 

Foot of Minnesota Falls . 
Yellow Medicine river, , . 

Bedwood river 

Fort Ridgely, 

Big Cottonwood river, . . . 

Juason, 

South Bend 

Blue Earth river, 



Mankato, 765.7 

Saint Peter, 743.4 

Ottawa, 736 

LeSueur, 72».2 

East Henderson, 724.8 

Henderson, , 723.4 

Faxon, 713.4 

BeliePlaine,.. 709.6 

Crest of Little Rapids 706 

Foot of Little Rapids 7ti4.8 

Mouth, 704.4 



Red River of tAe North. 

Lake Traverse, 1000.5 i Moorhead, low water, SSI 

Otter Tail lake, 1325 Moorhead, high water, 886 

Fergus Falls 1181 Saint Vincent, low water 767 

Dayton bridge, 1071 Saint Vincent, high water, 796 

Breckenridge, 940 I Lake Winnipeg, 710 

The Great Lake». 



FOREST AND PHAIRIK. 

A considerable part of the area included under this report is well timbered. 
These forests at their borders and around the few prairies which they 
enclose, become graduaUy more open with fewer and smaller trees, or form 
scattered groves, with intervening bushes or grass-land. The wooded part 
of this district is its north-east and east side, and takes in nearly alt of 
Becker and Otter Tail counties, in which its west boundary extends from 
the White Earth Agency south to the Northern Pacific railroad ; thence 
west by Audubon, and then south by Cormorant, Pelican, Lizzie and Prairie 
lakes ; in Erhard's Grove and Elizabeth, it includes a, few miles on the west 
side of Pelfcan river ; and next bends south eastward, pas»ng by the north 
side of Fergus Falls, to Wall lake and the north edge ol St. Olat. Through 
the center of Otter Tail county the woods of its east and west portions are 
divided by a nearly continuous belt destitute of forest, averaging about six 
miles wide, which reaches from Lake Christina to Clitherall, Otter Tail and 
Rush lakes, and onward by Perham to the North line of the county. About 
half of Douglas county is forest, very irregularly bounded, its south-west 
limit being in the vicinity of Lakes Oscar and Mary. Pope county has only 
scattered groves, sometimes one or two miles wide, but separated from each 
other by yet wider areas of prairie, which include pro&alily nineteen-twen. 
tieths of the county. Kandiyohi county has an area of forest 15 miles iong 
from west to east and 3 to 10 miles wide, lying north-west, north and north- 
east of Green lake ; also, groves of small extent, found frequently on the 
borders of lakes In all parts of the county except its south-west quarter. 

The Big Wood*. In Me eker c nuntv and others at the east and south-east, 
a belt of limber ab'W^^~''^^^Kextends nearly one hundred miles from 
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north to south, commonly called the "Big Woods." Like the woods of 
Becker, Otter Tail and Douglaa countloB, it is connected northward with 
tho great forest that overspreads nearlj all of northern and north-eastern 
Minnesota. The west botder of the Big Woods crosses Heeker countj in an 
irregular tine that has frequent indentations and spurs, passing from the 
northwest comer ol the county south-east and south by Manannah, Forest 
City and Darwin, to Oreenleaf. This boundary between forest on the east 
and prairie on the west, enters McLeod county at its north-west corner, and 
runs south-eastward across this and Sibley counties, by Hutchinson, Olencoe, 
Ifew Auburn and Arlington. Through Nicollet county the forest occupies 
a width of two to four miles along the west side of Minnesota, rtrer to Man- 
kato and South Bend. It also extends in about the same amount along the 
north side of Minnesota river tor IG miles above Mankato ; and Timber lake, 
<i miles north-West from St. Peter, is bordered by broad wood lands. 

East of this line, the Big woods cover all of Wright, Carver, Scott and he 
Sueur counties, excepting small enclosed prairies and the bottom-landa and 
terraces of modified drift within the valley of the Minnesota river. Beyond 
South Bend the boundary of this timbered belt U a few miles outside the 
limit of my exploration. Prof. Winchall, In a former report, states that its 
course bends eastward in Blue Earth county, passing near Janesville, and 
about six miles north of Waseca. Thence It turns north-east to Fari- 
bault and Cannon City, from which a spur of forest reaches south along the 
«ast side of Straight river to Owatonna. The east border of the Big Woods 
has a nearly north course, passing from Cannon City to NorthBeld, Lake- 
ville, and the west edge of Minneapolis. 

LiiaiU of apeciet. Many trees, shrubs and herbs that flourish northward, 
have their southern limit at a line north-east and north of the Big Woods ; 
-while the forest of Becker, Otter Tail and ' Douglas counties contains them 
only in its north-east part. Among these northern species are white, red 
and gray pines, black spruce, balsam fir, low blueberry, and cranberry. 
Most of these were seen in the township of Spruce Hill at the north east 
corner of Douglas county, which seems to be their only occurrence in that 
county. Thence they are found sparingly northward to the Northern Pacific 
railroad, beyond which are valuable pineries, beginning at New York Mills, 
Pine lakes, and Frazee City, and extending indefinitely to the north and north- 
east. None of these species are found in the Big Woods, which however 
contain others, as cottonwood, bittemut, wild crab-apple, and frost grape, 
that are rare or wanting in the northern forest. 

LUt of Tree* and Skrtibt. The following species of trees and shrubs have 
been observed in Becker and Otter Tail counties, by Mr. R. L. Frazee, man- 
ufacturer of lumber at Frazee City, Becker county : white pine {Pinut 
Slroboi, L,), red (commonly called Norway) pine (P. reHnMa, SU.), and gray 
or Banks' pine, often called " jack pine" (P. Batiktiana, Lambert), black 
a'pmce [Abiet ntgra, Poir,), balsam fir (Abiei baltamea, Marshall), balsam 
poplat [Pupulue buliamifera, L.), paper or canoe birch (Betitla papyraeea. 
Ait.), and beaked hazelnut (Ciir^Jus rottrata. Ait.), common north-east from 
the Northern Pacific railroad ; white elm ((Tlmtts .Jm«r»nina, L.), bassfTVZfa 
Araericana, L.), sugar maple (Acer taecharinum, Wang.), box-elder {Siffnndo 
aeerddet, Mtench), black ash IFraxinvi tambaczfolia, Lam.), bur and white 
oak {Qa^rcm maertiearpa, Michx., and Q. aiba, L.), ironwood [OUrya Vir- 
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giniea, WilM.), spec'es of willow (finJia!), poplar or aspen {Populiu tremvlaidex, 
MichaOi tamarack [Larix Americana.Kicbx..), prickly ash (ZaniSozyium Jmer- 
itanum, Mill.), amootli eumac {Shvn glabra, L.|, climbing bittersweet [Cela»- 
trtii icandeni, L.), wild plum, wild red clieny and choke cherry {Prunvi 
Americaiui, Marshall, P. Penn«yl»amea, L., and P. Virginiana, L.), ninebark 
(Spiraa opal^oUa, L.], raspberry and high blackberry [Rvbui htrigimit, Micfax., 
AXiA R. viilosvt. Ait.), thorn (Oatepus,) Juneberry (.dineiancAier Canadwistt, 
T. & G.), prickly and amootli gooseberries {Rihef Gynonbati, L., and R. hir- 
iellvm, Michx.,) black currant {Riba Jloridwm, L.), wolfberry (Symphoriearpui 
tKcidenUdU, R. Brown), high bush cranberry {Vi'y'iTrtuin Opulta, L.), and 
bazelnut {Gorylut Americana, Walt.) common generally ; slippery or red elm 
i Ulmu* futva, Micheli), black oak {Q. coccinea, var tindoria), targe-toothed 
poplar (P. ^ondidenfafjf, Micbx,), and black cherry (P. serofi'na, Ebrhart), 
less frequent ; red oak (§. rubra, L.). soft or red maple [Aeer mbmm, L.), 
Iilack raspberries {Rvbii*oecidtntali»,'L.),».aA elder {SatrAueut Caaade/uit, 
Ii.), scarce; Cottonwood (poputvi ra^nilifera, Ait.), seen rarely about the 
shores of lakes; and hack berry (C«2fM oaidenlalu, L.}, known only at one 
place, near Lake Lida. 

The Big Woods are principally made up of the following species of trees ; 
"White or American elm, baas, sugar maple, black and bur oaks, butternut, 
alippery or red elm, soft or red maple, bittemut, white and black aaU, iron- 
wood, wild plum, Juneberry, American crab-apple, common poplar or 
sspen, large-toothed poplar, tamarack (In swamps), box-elder, black cherry, 
Cottonwood (beside rivers and lakes), water beech, willowa, hackberry, paper 
or canoe birch, white oak, and red cedar. This list, iu which the arrange- 
ment is according to the estimated order of abundance, is given by Prof. 
Winchell for Hennepin county, in his fifth annual report, p. 142 ; but It 
appears to be applicable, with slight differences, to all other portions of the 
Big Woods. Everywhere through this forest the two largest and most plen- 
tiful species are elm and bass. Another list of trees and shrubs, noted in 
passing through these woods in Scott county, Is recorded by Prof. Winchell 
in his second annual report, pp. 210 and 211 ; followed by a few additional 
species, as the Kentucky coffee-tree; black walnut, and yellow birch, seen 
in ascending the valley of the Minnesota river to Big Stone lake. 

Timber ia found along the Minnesota river in a nearly continuous, though 
often very narrow strip, bordering the river through almost its entire course ; 
but generally leaving much of the bottom-land treeless. The bluffs on the 
north-east side of the river have for the most part only thin and scanty 
groves or scattered trees. The south-western bluSs, on the contrary, are 
heavily wooded through Blue Earth and Brown counties, excepting two or 
three miles at New Ulm, They also are frequently well timbered in Red- 
-wood and Yellow Medicine counties ; but in Lac qui Parle county they are 
mostly treeless, and have only occasional groves. The greater abundance 
of timber on the south-western bluffs appears to be due to their being less 
exposed to the sun, and therefore more moist, than the bluffs at the opposite 
aide of the valley. Above Montevideo the timber is mainly restricted to a 
narrow belt beside the river, and to tributary valleys and ravines. 

About Big Stone lake, timber generally fringes the shore ; occurs of larger 
growth in the ravines of its bluffs ; and covers its Islands, situated within six 
miles above its mouth. The speceies of trees observed by Prof. Winchell 
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near tbe foot of this lake on its north-east side, are the following in their 
order of abundance : nliite &9h, bur-oak, bass, white elm, box-elder, cotton- 
wood, hackbeny, ironwood, soft maple, wild plum, slippery elm, aud wil- 
low. The shrubs recorded in the same locality are grape, prickly antf 
smooth gooseberries, wolfberry, black currant, prickly ash, red and black 
raspberries, elder, sweet vihumum, red-osier dogwood, climbing bittersweet,, 
choke cherry, red and white rose, Virginia creeper, waahoo, and smooth. 

Red river has no timber, or very little, (or twenty miles east from Breck- 
euridge. In the ten miles next below Breckenridge, it is bordered by scat- 
tered groves of bur-oak, ash, bos -elder,, elm, and bass, occupying perhaps 
one-fourth of this distance, while small poplars and willows occasionally 
appear in the spaces between the groves. Farther to the north, this river 
is continuously fringed with timber, and its larger tributaries have their 
course marked in the same way. The growth of wood is here coniined t& 
the banks of the streams, which have cut hollows 20 to 40 feet deep in the 
' broad lacustrine plain. The trees and shrubs which thus occur along the 
Red and Buffalo rivers in northwestern Clay county, are stated by Mr. Adam 
Stein, of Georgetown, to be the following ; white ash, white and slippery 
elm, bur-oak, ironwood, poplar, box-elder, wild plum, hackberry, prickly- 
ash, frost grape, choke cherry, red raspberry, rose, thorn, prickly and 
smooth goosberries, black currant, and hazelnut, more or less common ; 
wild red cherry, Juneberry, high bush cranberry, and Cottonwood, rare. 

Prairies. The greator part of the region here reported is prairie. This 
term is commonly used to embrace all tracts destitute of trees and shrubs 
but well covered with grass. Groves of a few acres, or sometimes a hundred 
acres or more, occur here and there upon this area beside lakes, and a nar- 
row line of timber often borders streams, as just described along the Minne- 
sota and Red rivers ; but many lakes and streams have neither bush nor tree 
in sight, and frequently none is visible in a view which ranges from five to 
ten miles in all directions. Most of these prairies have the moderately 
undulating contour described at the beginning of our remarks on topography. 
Within the area of Lake Agassiz the surface is almost absolutely level. 
Other portions cf these prairies are quite hilly, having undulations of 100 
feet or more, as from Hawley southward along the east side of the lacustrine 
area to Red river; thence south-east to Pelican lake and Lake Oscar : the 
morainic hills of Pope county; and parts of Acton, Danielson, and Green- 
leaf, in Meeker count}'. If we compare the forests with the prairies as to 
their prevailing contour, we find that for the most part the former are 
hilly and the latter gently undulating ; yet much of the timbered areas, 
especially of the Big Woods, is only slightly uneven and occasionally quite 
level, while some very hilly tracts are pr«iries. The material of nearly all 
these areas is closely alike, being till or unmodified glacial drift, showing 
no important differences such as might cause the growth of forest in one 
region and of only grass and herbage in another. 

The absence of trees and shrubs upon large areas, called prairies, in this 
and neighboring states, is generally attributed correctly to the effect of fires. 
Through many centuries firei have almost annually swept over these areas, 
generally destroying all seedling trees and shrubs, and sometimes extending 
the border of the prairie by adding tracts from which tbe forest had been 
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hurned. Late in autumn and again in tlie spring tlie dead grass of the 
prairie burns veij' rapidly, eo tbat a fire within a few days sometimes spreads 
fifty or a liundred miles. The groves thai remain in the prairie region are 
usually in a more or less sheltered position, being on the border of lakes and 
streams and sometimes nearly surrounded by them ; while areas that cannot 
be reached by fires, as islands, are almost always wooded. If flres should 
fail to overrun the prairies in the future, it can hardly be doubted that 
nearly all of them would gradually and slowly be changed to forest. Tet it 
does not appear that fires in forests at the West are more frequent or de- 
structive than at the East, and our inquiry must go back a step further to 
ask why fires east of the Appalachian Mountains had nowhere exterminated 
the forest, while so extensive areas of prairie were produced by them in the 
"West. Among the conditions which have led to this difference, we muBt 
probably place first the generally greater amount, and somewhat more equal 
distribution throughout the year, of rain in the eastern states. 

The average growlh on tlie dry portions of the prairies of tliis region 
would make about a half a ton of hay per acre. It affords magnificent 
pasturage, but the pioneer farmer gathers nearly all his hay from the fre- 
quent depres^ons or " aloughs," which yield twice as much as the higher 
land, but of somewhat inferior quality. These are marshes through the 
spring and early summer, but become mostly dry later in the season, so that 
horses can be driven across them. 

The most abundant grasses found upon the prairies in the vicinity of New 
Ulm by Mr. B. Juni of that place, are as follows : Andrapogon furcatus, 
Mulil., Sorghum nutans. Gray, Bouteloua curlipendtila, Gray, and Stipa sparUa, 
Trin,, common on portions neither very dry nor very moist; Andropogon 
»copariua, Michx., and Bouteloua hirsuta, Lagasca, common on dry swells ; 
Spardna ej/noturoidtt, Willd., in sloughs, making the principal mass of their 
hay ; Leerda 0ryzoide$, Swartz, with the last ; and the stout Pkragmitea wm- 
munts, Trln., common on the marshy shores of lakelets. The prairies also 
bear a great variety of fiowers. Of asters Mr. Juni finds the most common 
species to be AMer aurculoivs., Michx., A. aericev*. Vent., and A. Trades- 
canii, L.; of golden-rod (Solidago), S. Ohioensia, Riddell, *■'. Canadensis, L., 
and S. lanceolala, L. Among the most noticeable and common plants of the 
prairies, besides the foregoing, are LiatrU ipicata, "Willd., Pswalea argo- 
phj/l[a, Pursh, Fetaloatemon vMacmis, Michx., P. carididas, Michx,, A'luyrpha 
cnneacene, Nutt., Bosa Ivdda, Ehrhart, Campanula rolvndifolia, L., Phlox pilasa, 
L,, Qentiana erinitatTral., Q. detonia,Fnea.,itDA Lilixim l'Mladelphieum,,L. 

STRATIQEAPHIC GEOtOQT. 

My only observations of rocks older than the drift arc confined to the deep 
valley of the Minnesota river, the topography of which has been alreadj- 
described. The only other exposure of the old rocks known within this 
area of 16,000 square miles ia recorded by Owen, and was seen in his boat 
journey down the Red river, at a point a little above Fergus Falls. The 
geology of. the Minnesota valley was explored by William H. Keating in 
1823 ; by G. W. Featherstonhaugh in 1835 ; and by B, F. Shmnard in 1?48. 
8oOD after the establishment of the present survey. Prof. Winchell in 1873 
esamined this valley throughout, and his description of it, embracing also 
notes OS to the observations of tJteae earlier explorers, occupies pages 127 ta 
7 
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212 of the second annual report. This treats very fully and completely of 
all the rock formations of this valley : and its conclusions have been uni- 
formly confirmed, while indeed very little important information hag been 
added by my Journey over the same ground. 

The following description of the old rocks is therefore based in large part 
upon Prof. Winchell's report. They are taken up in their order of age, 
beginning with the oldest, and including mctamorphic granites and gneisses 
of the great series denominated Eozoic or Archeean; a conglomerate and 
quartzite, considered of the same age with the Potsdam sandstone ; the St. 
Lawrence limestone, Jordan sandstone, and Shakoi>ee limestone, heionging 
to the Lower Magnesian or Calci'ferous epoch, all these above the metamorphic 
rocks being of the great Lower Silurian series ; and various shales, sand- 
stones, limestones, and clays, the latter sometimes holding beds of lignite, 
regarded together as of Cretaceous age. The St. Peter sandstone and Tren- 
ton limestone, of the Lower Silurian series and lying next above the Shako- 
pee limestone, occur in this valley near its mouth, but not within the limits 
of the counties here reported. The gUcia! and modified drift come last in 
this order, being our latest completed geological formation. 

Oranilei and Qneuses. These arc metamorphic rocks of the series called 
Eozoic or Archieaa, the most ancient known to geology. They are doubt- 
less an extension from the large area of these rocks in north eastern Minne- 
sota. They are, however, geflerally covered by drift except in the counties 
which border Lake Superior, and have only few exposures in the central 
part of the State. The nearest of these are in the vicinity of St. Cloud, 75 
miles from the Minnesota river. It has been already stated that the various 
rock- formations seen along this river have been uncovered by the excavation 
of a deep channel through the drift. 

The granites and associated 'rocks of this valley occur frequently through 
a distance of IDD miles, from a point one mile below the mouth of B^ Stone 
lake to about five miles south-east from Fort Ridgely. In the next 13 miles, 
no rocks older than the Cretaceous are found. Then comes the last outcrop 
ot granite, opposite the south-east part of New Ulm, succeeded by conglom- 
erate and quartz)' tc. 

No rocks older than drift, eiicepting some Cretaceous deposits, occur in 
this valley along Traverse and Big Stone lakes, or in the distance between 
tliem. One mile below Big Stone lake, a coarse red granite begins and 
thence occupies nearly the whole valley for three miles, its highest portions 
rising 50 to 75 feet above the river. It again appears in low outcrops two 
and three miles from the last, in sees. 30 and 32, t. 121, r. 45, the first of 
these being on the north side of the Minnesota a little west of Stony Hun, 
and the second on the south side at Mr. Frederick Frankhaus', a half mile 
west from the ford. Two to six miles south-east from the ford, in t. 120, 
r. 45, which extends from the mouth of Yellow Banks river to Marsh lake, 
similar granite, principally red or fiesh-colored but in some portions light 
gray, forms abundant outcrops, mainly on the south side of the river, rising 
50 to 75 feet in their highest portktns. North of these, two ledges of this 
rock were noted about a mile apart, halfway between Odessa and Correll 
stations, the west one lying a little south of the railroad, while the east one 
is crossed by it. All the foregoing exposures are massive granite, containing 
a large proportion of feldspar to which its prevailing reddish color is due. 
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It is variously jointed, but does not exliibit tlie lamination which is generally 
Doliceable in the south-eastward continuation of these rocka. 

Gneiss has the same composition with granite, being made up of quartz, 
feldspar, and mtca. It differs from granite in having these minerals lami- 
nated, or arranged more or less distingtly in layers. Nearly all the mcta- 
morphic rocks that remain to i>e described are varieties of gneiss, with which 
masses of granite, syenite, and hornblende schist occur rarely. For 15 
miles from the upper part of Marsh lake to the middle of Lac qui Parle, we 
bave no report of ledges. In sec. 32, t. 119, r. 42, an island of rock occurs 
in Lac qui Parle, and two ledges were seen across the lake on its west side. 
About two miles south-east, or one and a half miles aliove the foot of tlie 
lake, are several small and low CKpoauroa of rock, occuring at each side and 
also as islands. On the north-east side this is gneiss, mostly with N. B, to 
8. W. strike. Its dip was clearly shown at only one place, being there 76° 
S. E. 

In the deserted channel between Lae qui Parle and the Chippewa river 
ruck is exposed near the south-east corner of sec. 6, Tunsburg. It also 
occurs at the south east comer of this township, in the bottom-land on the 
east side of the Chippewa river, three miles above its mouth. Another low 
exposure is one mile west of Montevideo on the north side of the Minnesota, 
half tvay between the river and the bluff. Close south of Montevideo, a knob 
of gray gneiss, nearly vertical, with W. S. W strike, rises 30 feet above the 
bottom-land. One to two miles south-east from Montevideo are extensive 
outcrops of gneiss, rising 40 to 60 feet and extending one and a half miles 
from the river to the bluff at its north-east side. At a little lake near the 
river its dip is 45° 8. 10° — 20° E. Adjoining this, the gneiss includes a mass 
of hornblende scliist, 20 rods long from north-west to south-east and from 
20 feet to S rods wide. Its dip is 33° S. E. by 8. At the railroad cut the 
rock is reddish gray gneiss, dipping 45° to S0° S. E. Two to four miles 
souili-east from these outcrops are others of small extent, also on the norih 
side of Minnesota river. 

At Granite Falls and Minnesota Falls ledges of gneiss occur on ijoth sides 
of the river, filling the valley with a multitude of knobs and short ridges 
30 to 75 feet high. These rocks begin Ave miles above Oranite Falls, near 
the mouth of Stony Run, Along this distance they occur principally on the 
south-west side. In the N. £. }^ of sec. 24, Stony Run, the strike for an 
eighth of a mile is S. 80"= E., the dip being 75° N. 10° E Generally, how- 
ever, the strike is nearly N. E. to 8. W., the dip being south- easterl}'. 
In the north-west edge of Granite Falls, the dip is 60° 3, E., but more 
commonly it ranges between 35° and 40°. In a few places at Granite Falls 
it is toward the north-east or north. At Minnesota Falls it was noted in one 
place to be 58° 8. 10° E., and near by 85° in the same direction. These are 
exceptions, while the prevailing inclination is toward the south-east. The 
strata are reddish or gray gneiss, frequently ho disintegrated by the weather 
that its outcrops have become turfed, varying occasionally to more enduring 
gray and red granites. These rocks also sometimes include trap dikes, of 
massive, very heavy, dark green rock, as at the rapids, recently used for 
manufacturing, one mile above Granite Falls, where two dikes, respectively 
20 and 48 feet wide, occur 54 feet apart, their course being N, E. to 8, W., 
conformable with the strike of the rocks. Elsewhere the gneiss may include 
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a bed or lenticular mass of hornbleade schist, as is seen at the east end of 
Qranite Falls bridge and dam. Orsy syenite, probably valuable for building 
and ornamental purposes, occurs about a half mile south from Minnesota 
Falls. A large specimen of it, elegantly polished, was shown me by Mr. 
Park Wordeu of this place. It is composed of white quarts and black horn- 
blende, in nearly equal parts, somewhat schistose as to the direction of its 
grains. The trap dikes, hornblende schist, syenite and granites, are together 
but a small portion of these rocks which mainly are gneiss. Its outcrops 
from Granite Palls to one mile below Minnesota Falls are very prominent, 
rising in irregular and picturesque confusion throughout the entire valley, 
nearly two miles wide. Lower ledges continue less frequently for a mile or 
two i)eyond these. 

The next outcrops noted are six miles down the river, along its portion 
called Patterson's Rapids, which extend, with frequent intervals of smooth 
current, seven miles or more, through t. 114, r. 37. The river here divides 
Sacred Heart on the north from Swede's Forest on the south. In the north- 
west corner of Swede's Forest, ledges abound for two miles, reaching 40 to 
75 feet above the river. A lone school-house is situated among them, near 
the north-east corner of sec. 18. Halt a mile west from this, the rock is 
reddish gray gneiss, dipping 1S° N. N. W. A third of a mile west from it,, 
are massive granite cliffs, divided by joints into nearly square blocks, 10 to 
15 feet in dimension. This eock may be found valuable for quarrying. 
One-eighth of a mile east from the last, it is gneiss, dipping 15° 8, At Ihe 
east side of the school- ho use, it is also gneiss, dipping about 5° 8. 

Along Ihe entire river. boundary between Redwood and Renville counties, 
a distance of 30 miles, ledgrs of gneiss and granite abound, in some places 
enclosing masses of hornblende schist. For 12 miles above Beaver Palls they 
fill the whole valley, occurring on each side of the river, and rising 50 to 12-i 
feet above it. Between Beaver and Birch Cooley creeks the outcrops are 
mainly on the north side of the Minnesota, rising in their highest portions 
100 feet above the river. Below the mouth of Birch Cooley they are mostly 
on the gouth side, occurring in great abundance for two miles above and 
three miles below the mouth of Wabashaw creek. The highest of these are 
a mile above this creek, rising 75 to 125, or perhaps 140 feet, above the river. 
It will be remembered that the bluffs along all this part of the valley are 
about 175 feet high, so that none of these ledges was visible before the sur- 
face of the drift-sheet had been considerably channelled. At Binim's mill, 
on the Redwood river wliere it enters the Minnesota valley, ]>^ miles north- 
, east from Redwood Falls, the rock is a greenish talcose quartzyte, dipping 
25° S. E. One mile north-east from this, on the opposite side of tlie Minne- 
sota and one fourth of a mile north of the ford, the rock is gray gneiss, 
weathering to reddish gray, apparently almost vertical, with its strike E. N. 
E. At the east side of the road this gneiss is crossed by a nearly vertical 
vein, 1 to 3 feet wide, of coarsely crystalline feldspar and quartz, extending 
within sight 60 feet. These strata are also exposed in the valley of Beaver 
creek one and two miles above its junction with the Minnesota valley. The 
Champion mill-dam at the village of Beaver Falls is nearly within the line 
of strike of the gneiss described norlh of the ford, and a similar gneiss, with 
jiearly the same strike, is found here. Its dip is 16° 8. 8. E. At the dam of 
the K mill, one mile north-east from the last, is an extensive exposure of 
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gray gneias, also with E, N. E. strike ; it ia nearly Teriical, or lias a steep 
dip to the S. S. E., and in some portiona is much contorted. Veins, 6 to 18 
incliea wide, of coarsely ciyatalline flesh- colored feldspar, coinciding with 
llie strike, are common here. The valley of Birch Cooley, one mile above 
its entrance into that of the Minnesota, haa a large exposure of granite, 
iiolding interesting veins, faulted and divided portions of wtiich are figured 
in Prof. Wincliell's report. One of lliese veins, composed of granite and 
four inches wide, is traceable 250 feet, running south-west. 

Two milea below the mouth of Birch Cooley, a low outcrop examined on 
the north side of the river is granite, containing a large proportion of flesh- 
colored feldspar. Ledgea were next aeen on the north side three miles below 
the last, in the vicinity of the line between Birch Cooley and Camp, extend- 
ing a half mile weatward from Reikie and Fenske's fiour mill. A small 
outcrop occurs Ave miles soutli-east from these, beaideaamall round lakelet 
in the bottom-land north of the river. Une mile farther south-east, in the 
weat extremity of Ridgely township, and 1>^ miles weat of Fort Ridgely, are 
the ledges which supplied the atone used in building the fort. An excavation 
found near the north end of the outcrop, is in porphjTitic granite, which 
contains abundant gray feldspar crystals, ^ to 1}^ inches long and one 
third to two thirds as wide ; it also contains occasional masses six to twelve 
Inches long and half as wide, mostly made up of black mica in small grains. 
This ledge is also traversed by several flesh-colored feldapathic veins, 2 to 6 
inches wide. The other rock-maases near by are mostly feldspathic granite, 
flesh-colored, not noticeably porphyritie. In one band here, the rock is 
Jiomltlende schist and mica schist, much contorted, weathering to a very 
rough honey-combed surface. This band extends several rods from north to 
south, and dips 45° to 60° W. 

Four miles below fort Ridgely, at Little Rock creek, which is a mere rill, 
ledges again appear. They extend one mile from north-west to south-east, 
lying on the north side of the river, and rising 40 to 60 feet above it, Thia 
rock ia partly gneiss, much contorted and often obscure in its lamination, 
.and partly granite, both being flesh-colored, apparently from weathering 
It is abundantly jointed and seamed. The dip ia not clearly exhibited. 
Prof. Winchell thought, from the outlines and slopes of surface, that it might 
be 35° or 40° to the north. 

Thirteen miles of the valley next to the south-east have no rock expo- 
sures. Two small outcropa of granite follow this, lying in the bottom-land 
of the S. W, i'i of aec. 27, Courtland. It is a coarse granite, the greater 
part of it consisting of flesh-colored feldspar, Weathering has made it very 
friable on the surface, but the interior ia solid. This ia the last occurrence 
of the rocka of this series seen in the Alinneaota valley. It ia about 300 feet 
west from the aouth end of a conglomerate outcrop, and one mile northwest 
from the quartzyte at Bedstone, 

Examination of these notes as to strike and dip shows that the axial lines 
of folds in these rocks run mainly from north-east to south-west. Very 
thorough detailed exploration would be requisite, but very probably, being 
confined to this narrow valley, would be insufiicient to determine the posi- 
tion of sj'nclinal, anticlinal and inverted axes, or to arrive at any strati- 
graphic divisions of the series. No quurrj'ing of any importance has been 
yet undertaken in any portion of these rocks in the Minnesota valley; but 
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thej are extensively quarried At St. Cloud, bolli for building and monu- 
mental stone. 

Wellt in Metamorj^iic Eceka. A welt drilled for the railroad, at Hermau, 
Grant county, passed tlirough 124 teet of till, and then went 65 feet in rock. 
The first seven or eight feet of the rock was the line grained, buS, magne- 
alan limestone, boulders of which are common throughout northwestern 
Minnesota. Prof. Winchell thinks it probable that this portion was a com- 
pacted mass of boulders. This seems to be the rock which Owen observed 
in the bank of the Red river above Fergus Falls. His statement shows that 
possibly it was there only a large slab, embedded in nearly horizontal posi- 
tion in the bank, instead of being in place as a solid bed. This rock out- 
crops in the vicinity of Winnipeg, in Manitoba. The remaining 57 teet 
drilled in the rock was through qoarlzoae granite, with red feldspar ; white 
micaceous qnartzyte ; and mica schist of several varieties. 

The section of the sail- well at Belle Plaine was as follows, in descending 
order: 216 feet of stratified gravels, sands, and clays, all apparently belong- 
ing to the glacial period ; 16 feet of sandstone; 10 feet of ochreous shale ; 
176 teet of highly magnesian clays, purple and speckled with white, mostly 
without siliceous grains; and 292 feet of siliceous, unctuous shale, highly 
ferruginous, sometimes amygdaloldal, and varying to a micaceous quartzyte. 
From 216 to 418 feet, the strata are thought to represent the qnartzyte and 
pipestone of Potsdam age, which outcrop near New Ulm and in Pipestone 
county ; from 418 feet to the bottom of the well at 710, they are considered 
lower than the Potsdam sandstone; but the granites and gneisses lie yet 
deeper. No other wells in the district here reported penetrate to the metw- 
m Orphic rocks. 

BeeomjxmA OneiM and QraniU. Very remarkable chemical changes have 
taken place in the upper portions of many of the exposures of gneiss and 
granite near Redwood Falls. The rock is transformed to a soft, earthy oe 
clayey mass, resembling kaolin. It has a blue or greenish color, when 
freshly exposed ; but when weathered, assumes a yellowish ash color, and 
finally becomes white and glistening. Mica scales and lamlnee of quartz are- 
generally contained in this material, and have the same arrangement as in 
gneiss, so that the dip can be distinctly seen. Veins of quartz or feldspar, 
the latter completely decomposed, and the lines of joints, are also noticeable, 
just as in granite or gneiss; making it evident that this substance is the- 
result of a decay of the rocks in their original place. 8o tar as can be judged 
from stream channels and other exposures, this decomposition reaches In 
some places to a depth of 20 or 30 feet, perhaps more. All grades of change- 
may he found, from ledges where only here and there a few spots have been- 
attacked and slightly decomposed, to portions where nearly every indication, 
of its origin has been obliterated. 

Before the extensive denudation of the glacial period, it is probable that all 
the granite and gneiss of this region were covered by a similariy decayed 
surface. Upon the areas where decomposed rocks still exist, the glacial 
ploughing was shallower than elsewhere. These beds are frequently over- 
lain by Cretaceous deposits, and appear to have been submerged beneath 
a Cretaceous ocean. Prof. Winchell suggests that their decay may have 
taken place during this submergence, under the influence of the abundance 
of alkaline chemical agents held in solution by the sea in that age. Expo- 
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■urea of these kaolioized strata are found la a ravine north of the river 
opposite Minnesota Falls; in the gorge of Redwood river below Redwood 
Falls, interesting tor its grand and beautiful scenery; in many of the ledges 
of Minnesota valley for several miles next below, especially in exposures* 
made by roads at the foot of the bluffs ; in the valley of Birch Cooley near 
Its mouth; and occasionally tor S or 10 miles farther down the valley. 

The GoTigloi/ierate oppoaiU New Ulm. This outcrop is about 1000 feet long, 
in which distance its height rises from 10 to about 60 feet above the river. 
Its strike or course is N. 20° E.. while the dip, measured by Prof. Winchell, 
is 18° E. S, E. Its greatest exposure vertically at any one place is about 20 
teet. The bed* vary from 1 to 6 teet in thickness. It is a massive, tough 
conglomerate. The pebbles in it are all more or less water-worn ; they aro 
generally abundant, often occurring nearly as thick as they could he packed. 
They are of all sizes up to a diameter of one foot or a little more. These 
pebbles are remarkable as consisting, almost without exception, of only two 
kinds of rock, which occur together in nearly equal abundance and dimen- 
sions. One of the two classes is apparentl3' a jasper, usually dull red and 
massive, but in many of the fragments laminated, or in thin bands, which 
are sometimes dark, sometimes yellow ; the other class is white quartz, mas- 
sive, now and then containing foreign particles, and occasionally smoky in 
color. The origin of this conglomerate ma3- have lieen from the action of 
sea-waves upon a coast where only these two kinds of rock were exposed. 
The only pebble found, which could not be referred to these classes, was a 
scrap of fine-grained gneiss, two inches long. Neither the granite that out- 
crops close at the west, nor the quartzyte that occurs upon a large area at a 
mile to the east, seems to be represented. The conglomerate is probably 
older than the quartzyte, but both are thought to come within the Potsdam 

The QuaTtzffU at Redstone. This lies on the north-east side of the river, 
beginning at the Redstone railroad- bridge, and extending one mile to the 
east and south-east. The highest knobs of its southern part'rise 100 to 126 
feet above the river, while its most northern part forms a nearly level tract 
of about equal height, ^ of a mile lung, lying at the south side of the car- 
riage road. The greater part of this outcrop dips northerly. South of the 
west railroad-cut the dip is 27° N. 10° E. At another cut, a third of a mile 
east from this, it is 45° N. N. E. It frequently varies as much as 10° within 
a few rods, and its north portion seems to be nearly level in etratiti cation. 
The thickness exposed in the whole outcrop may be 2S0 feet. The rock is a 
compact hard quartzyte, of red or reddish gray color. It is variously divided 
by joints,' and its solid masses often have a tendency to break into rhom- 
boidal fragments. The layers are 3 to 12 Inches thick, mostly without 1am- 
inatioQ at the north ; but at the south-west they show fine iaminic, part of 
which are shale Bofter than the rest of the rock. At the north-west it rarely 
encloses small pebbles, the largest seen being three-quarters of an inch in 
diameter. They include only red jasper and white quart/, like those of 
the conglomerate just described. Stone suitable for cellar- walls and founda- 
tions is quarried from this formation. 

S(. Laierence Limettone. Eleven miles south-east from the quartzyte, wo 
find at Hebron and Judson the first exposure of the Lower Magncsian roch-t 
within the Minnesota valley. Thence to (he limit of our survey at Harailtcn 
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these rocks occur frequently. They consist of three members, named in 
ascending order the St. Lawrence limestone, Jordan sandstone and Shakopee 
limestone, from the lowest places in this valley at which they are well 
exposed. 

The St. Lawrence limestone at Hebron eslenda from Nicollet creek, the 
outlet of Swan take, about l}^ milee eastward It rises 25 to 3G feet above 
the river, against which it forms a barrier, protecting a broad terrace of 
modified drift that lies between the limestone exposures and the foot of the 
bliifts. Its stratification is nearly level, the dip being about 2° to the south- 
east. The beds are I to 4 inches thick at top, where it has been affected by 
weathering ; below they are 4 to 12 inches thick. The rock is a fine-grained 
compact magncsian limestone, yellowish or reddish gray, often streaked or 
speckled with green. Its layers are generally separated by a thin film, or 
sometimes by a seam J^ inch thick, of dark green crumbling sandstone. 
The upper part of these beds in the race-way of the Hebron stone-mill con- 
tains a layer of soft sandstone one foot thick. Several quarries are worked 
slightly on each side of the river. 

Other exposures of this limeato:^c in the Minnesota valley are few. It ia 
nest recognized in two low outcrops, a mile apart, at the east side of Sibley 
county, 30 miles from Hebron in a straight line. The first is on land of 
Henry Young, in the south part of sec. 13, Jessenlaud. The rock is yellowish 
buff limestone, nearly level in stratification, in layers 1 to 4 inches tliick, 
much divided and broken by vertical and oblique seams and cracks. A half 
dozen kilns of lime have been burned from this rock within the past two 
years. The second outcrop is owned by Walter E. Dohcny, and lies in the 
south-west corner of Faxon, only a short distance from the town line and 
river. Its extent, height, stratification, and jointed condition are nearly 
the same as in the last. It ia a dull red, slightly arenaceous limestone. A 
quarry seven feet deep shows layers 1 to fl inches thick, often separated by 
thin earthy seams. 

In St, Lawrence, 10 miles north-east from the foregoing, this limestone 
occurs occasionally for a dislance of nearly two miles, having its top about 
4S feet above the river. It is nearly level in stratification, in beds from 2 to 
18 inches thick. The color is bull, reddish, or yellowish gray, usually with 
frequent green specks. In composition it is a siliceous magoesian limestone. 
It has been considerably quarried, and supplies good building stone. A 
vertical thickness of about 15 feet ia seen in quarries and natural exposures ; 
and wells here liave drilled into it 24 feet, without reaching its base. 

The reference of all these outcrops to a horizon below the Jordan sand- 
stone is based on their lithological character, and on the position and strati- 
fication of neighboring rocks belonging higher in this group. At Jordan, 3 
miles east from St. Lawrence, wells encounter the St. Lawrence limestone, 
pinkish buS in color and very compact and hard, lying directly beneath the 
soft and friable Jordan sandstone. At the upper brewery the well was 12 
feet deep, 10 feet in sandstone and 2 feet in limestone. The well of the 
lower brewery, 11 feet deep, was dug 6 feet in sandstone, and then 5 feet in 
this very hard limestone. Below this It was drilled 25 feet, all the way in 
limestone, which was thought to grow harder; its base was not reached. 
Tiie limestone also occurs in the bed of Sand creek, at the pier of the private 
bridge in front of the lower brewery. AH these exposures of St. Lawrence 



3vGooglc 



STATE GEOLOGIST. 105 

limestone in the Minnesota valley probably exhibit its upper portioo, and 
its thickness here remains undeiermiDed. In Fillmore and Houston counties 
it is about 200 feet thick, forming more than half of the Lower Magoesian 
group. 

The Jordan SandtCone. Next above the last is a coarse-grained sandstone ; 
while or light gray, or often somewhat stained with iron-rust. It is usually 
soft and crumbling, so that it is readily excavated with a shovel ; hut some of 
its beds, quarried at Jordan, yield stone sufficiently durable for the con- 
struction of large mills and bridge masonry. It becomes harder upon expo- 
sure to the air, and its ledges sometimes have an indurated surface while 
they are quite friable within. The stratification is level or nearly so, in 
beds that vary from six inches to 3 feet in thickness. While each of these 
layers is plainly horizontal, its lamination is frequently oblique, being inclined 
5° to 20°. This structure is the same with that often seen in recent sand- 
deposits, where the material was spread and arranged by strong currents. 
The direction of this inclination is variable, and seems to indicate the action 
of tides or waves in water of no great depth. This sandstone, however, 
extends over a large area, with a comparatively uniform thickness, which 
is 40 or 50 feet in the Minnesota valley and 25 to 40 feet in Fillmore and ' 

In the vicinity of JVlankato this sandstone underlies the Shakopce lime* 
atone at the quarries upon each side of the river. They also occur In the 
same manner, forming bluffs, at Kasota, St. Peter, Ottawa and Louisville, 
as will be more fully described in speaking of the limestone. 

Very extensive exposures of tlie Jordan sandstone are seen beside the river- 
road in Oshawa, extending 3 miles above St. Peter. It ia easily disintegrated, 
which often causes slightly liarder layers near the top to overhang. Many 
excavations, used for the same purpose as cellars, have been made in these 
cliffs. This sandstone also forms the foot of the bluQs at the south side of a 
creek that enters the Minnesota at the north-eas( corner of Traverse town- 
ship. At these places the sandstone rises 40 or 50 feet above the river, and 
is capped by Shakopee limestone, less conspicuously exposed. 

In Lake Prairie the sandstone is seen at several places, as in a ravine 
crossed by the river-road nearly opposite Ottawa, and at Patrick Oaborn's 
and Frank Lintcr's, within 1}£ miles farllier north. Its top in all these 
localities is about 35 feet above the river ; and at Mr. Osborn's the Shakopee 
limestone is seen overiying it. At and near Mr. Linter's the sandstone 
forms three outcrops, not protected by its usual cap of limestone. The well 
here went through soil and drift, 5 feet ; gray and wliite sandstone, 25 feet, 
sand, 10 feet, an unconsolidated layer of this stone ; and white sandstone, 
as above, 10 feet. Water comes at the bottom, which is probably near the 
underlyiug limestone. 

At Jordan this sandstone forms numerous outcrops for three-fourths of a 
mile along the valley of Sand creek. The St. Lawrence limestone is found 
beneath it here, as already described. The stratification at this place is 
horizontal, and the exposures are between 35 and 7S feet, approximately, 
above the river. Here and in several outcrops of this rock occurring within 
6 miles northward in the Minnesota valley, the overlying Shakopee lime- 
stone is wanting. Four miles from Jordan, in the south edge of Louisviilej 
»re extensive exposures of the sandstone, rising about 40 feet above the river. 
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At the higliwuy bridge over Van Oser'a cieek, these beds dip 15" W. N. W., 
owing to some local disturbance which does not generally affect this area. 
Little Rapids in the Minnesota river, one and a half miles to the west, is 
caused b)' two nearly level outcrops of this sandstone. 

T?ie Shakopee Limestone. This highest member of tlie Lower Magnesian 
group is seen at many places overlying the stratum last ('escribed. It in a 
magnesian limestone of buff color, often mottled in alternate red and yellow 
tints. The stratification is nearl3- le^el in ijeds from a few inches to three 
feet or more in thickness. In some places, as at Kasota, in the Asylum 
Cjuarry at St. Peter, and at Mankato, a part of these beds are compact and 
supply an excellent stone for every purpose in building or monumental work ; 
but generally this rock is much broken by little hollows and crevices, aod is 
of unequal texture, some portions being especially sandy or coarse in grain, 
or having contorted and obscure lamination. It is burned extensively for 
lime at Mankato, Caroline station, Ottawa, Louisville and Shakopee. The 
only observation of any rock lying upon this limestone in the Minnesota 
valley is at the Asylum quarry, where Prof. Winchell found it covered by 
two feet of white triable sandstone, with a thin strip of green shale about 
midway in it. This is supposed to be the St. Peter sandstone, which is 
known to be next in stratigraphic order above this limestone; it may, how. 
ever, be a Cretaceous deposit. The Shakopee limestone in the Minnesota 
valley varies in thickness from about 60 feet tlius indicated here to 7') or 80 
feet at Shakopee; in Fillmore county it is about 7!Lfeet; in Wilmington, 
Houston county, it has been found to be 64 feet. 

In Belgrade, opposite Kankato, about 40 feet of Shakopee limestone are 
exposed, affording valuable quarries. In a ravine about 25 rods west of the 
principal quarry here, the underlying Jordan sandstone is seen for T feet 
vertically, its top being about 30 feet above the river. At the quarries in 
the north part of Mankato, SO feet of limestone is shown resting upon the 
Jordan sandstone at about 25 feel above the river. A terrace of these strata, 
averaging a mile in width and 75 feet in height above the riVer, eitends 
thence 7 miles northward to Kasota; beyond which it is continued in 
decreasing height on the other side of the river through St. Peter. The 
railroad well at Kasota station went through drift, mostly limestone gravel, 
8 feet ; solid limestone, 21 feet ; and sandstone, 6 feet. Here and generally 
in this vicinity, the base of the limestone is about 40 feet above the river ; 
but it sinks to about half this height in going 1)^ miles northward in St. 
Peter, between the railroad bridge and the highway- bridge. 

Ottawa is situated on another terrace of Shakopee limestone underlain by 
Jordan sandstone. Their junction in the bluff near Charles Schwartz' lime- 
kiln, called White Rock bluff by Dr. Bhumard, is about 45 feet above the 
river. The terrace generally rises 20 or 25 feet higher, which is probably 
the average depth of the limestone remaining here. 

The next extensive exposures of the Sliakopee limestone arc found in 
Louisville, 30 miles farther down the valley. Quarries which supply good 
stone for foundations and bridge masonry are worked here on land of Mrs. 
M. A. Spencer, 1}^ miles south-east from Carver. Here the limestone has a 
thickness of about 30 feet, and 4 feet of the Jordan sandstone is visible below 
it, their junction being at 12 or 15 feet above the river. This is the lowest 
point in the valley at which the Jordan sandstone has been seen. A terrace 
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of this limestone, 40 to 50 feet above, the river, extends thence two miles- 
northward. The St. Pawl & Sioux City railroad is built upon this ; and 
close at its east side another terrace, formed by the upper part of this lime- 
fltone, rigea 40 feet higher. A quarry in its top half supplies rock for lime- 
burning at a point & half mile east from tlieSpencerquarry. A level -topped 
outlier of the upper terrace occurs 50 roda south-west from these lime-kilna. 

At SItakopee the limestone rises from the river's edge to a Iieight of SO 
feet, its upper 20 feet tieing quarried for lime. Beneath the terrace of sand 
and gravel at the south and south-east, commonly called "Shakopee prairie," 
the limestone is found at a depth of 40 or 50 feet, its top being 60 to 70 feet 
above the river. Water is obtained in the wells on this terrace only after 
drilling 60 to 80 feet in llie limestone. Thus Major H. B. Strait's well, 122 
feet deep, is soil and sand, 8 feet ; clay, 30 ; limestone, 84, its la^t 5 feet 
being light gray in color; water abundant, rising 9 feet. J A. Wikier's 
well, 112 feet deep, is soil, 2; yellow stratified clay, 5; sand and gravel, inter, 
stratified, coarsest below, 38 ; hard limestone, 61 ; quicksand and sandstone, 
2feet,con(aining plenty of water, which does not rise ; "fiint rocks," 4 feet. 
These are within the incorporated limits of Shakopee. Amos Rigga' well, 
13^ miles south-east from thfse, in the S. E. J^ of sec. 18, Eagle Creek, is 115 
feet deep, in order as follows : soil, 2 ; sand and fine gravel, 38 ; very coarse 
gravel, with pebbles up to IJ^ feet in diameter, 10 feet ; rotten sandy lime- 
atone, picked, 5 feet ; limestone drilled, nearly all alike, GO ; water cornea 
abundantly at 107, not rising. 

Pour miles east of Shakopee, on land of Thomas Durose, sec. 3, Englfr 
Creek, this limestone has a low outcrop near the river, which has been slightly 
quarried. About six miles farther east, at Hamilton, is the lowest point at 
which the Shakopee limestone is seen in the Minnesota valley. Here it 
occurs for about 50 feet along the bottom of the raceway of Quinn Brothers'' 
mill, at a height of '20 or 25 feet above the river. Farther east thislime- 
stonc sinks below the level of the river, and the bluffs of Port Snelling 
and ita' vicinity are composed of the overlying St. Peter sandstone capped 
by Trenton limestone. 

It is interesting to note the nearly level position of these very ancient 
strata, which have scarcely suffered any disturbance since their deposition. 
Alternately beds of limestone and sandstone were accumulated upon the 
floor of the Paleozoic sea, and they have been lifted 600 to 1000 feet or more- 
witbout being broken or tilted. The height above sea of the base of the 
Shakopee limestone where it has been observed within the Minnesota valley, 
ia at Mankato, 7S0 to 795 ; at ffasota, about 785 ; at St. Peter bridge, about 
760; at Ottawa, 780; and at Louisville, about 720. The distance included is 
46 miles in a straight line. 

The Lower Magnesian group in this valley is nearly destitute of fossils. 
In the Shakopee limestone, Prof. Winohell found Orlhii at Mr. Clapp's 
quarry for limfi-buming in the S. E, ^^ of sec. 17, Kasota ; and Dr. Shumard 
found Idngula Dakotaensii and trilobite fragments at Kasota, and the same, 
with another species of Lingtila and an OrtkU, at the White Rock or Ottawa 
bluS. In the Jordan sandstone, Dr. Shumard found Strapar^dlm Mihnego- 
tenai* a mile above Traverse des Sioux and agsln at Kasota. 

The OretacemiS. The first important exposures of Cretaceous beds found 
in descending the Minnesota river, are in the valley cut by the Bedwood 
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river below Redwood Falls, where a lignitjc bed of clay or ahale has been 
explored by a drift to the distance of 4U feet. This bed varies from 7 to 2J^ 
feet in thickness. It is a nearly black, more or less clayey deposit, and 
contains much lignite of two kinds, one pulverized or in small fragments, 
resembling charcoal, the other hardand compact, in larger lumps, appearing 
like cannel coal. In the bank of Crow creek, 3J^ miles below Redwood 
Falls, beds of the same character, 4 feet or more in thickness, and containing 
leaf impressions, have been explored by drifting some 200 feet. They also 
occur and have been somewhat tested In several other ravines in that 
vicinity. A similar coaly layer, IJ^ feet thick, has been tunnelled into 40 
feet upon the east side of Fort creek, a third of a mile east of Fort Ridgely. 
No compact, continuous seam of coal has been yet found in any of these 
beds, though much search has been made. The fragments obtained are 
insufflcieat in amount to be of any practical value. They are the same with 
the pieces of " charcoal " and " stone coal " that are sparingly scattered in 
the drift throughout all south-western Minnesota, bo that frequently one or 
two are found in digging a well. The origin of these pieces, which vary in 
size up toSorvery rarely 6 Inches in diameter, is from beds like the foregoing 
that have been ploughed up by the ice-sheet. It appears nearly certain 
that DO workable coal deposits exist in this region. 

Sandy raarl, horizontally stratified, probably Cretaceous, is seen in the 
lower part of tlie blutl below the Lower Sioux Agency, three miles south- 
east from Crow creek. Two miles farther east, on the north side of the 
river, cone ret ion ari- marl or limy earth, nearly white, occurs in the banks of 
a small creek about three-quarters of a mile from its entrance into the Min- 
nesota valley. An overlying bed of similar material, colored and hardened 
l)y iron-rust, is exposed 18 feet vertically. 

In New Ulm the grading of Third North street close norili-east of the 
railroad, exposes Cretaceous clays. This cut is 14 feet deep and 200 feet 
long. Its upper 4 feet are soil and drift, containing and overspread with 
many boulders of granite, gneiss and schists, up to t> feet in diameter. The 
remaining 10 feet are curved, contorted, and irregularly interstratified, red, 
yellow, green and gray clays. They are free from gravel, but contain Bat, 
limy concretions, in some portions abundant up to one inch in diameter, and 
elsewhere joined in sheets a foot or less in length and a half inch oi less in 
thickness, confoi'mlng with the si ratification. These strata are eroded and 
covered unconformably by the drift. The terraces on whicli New Ulm is 
built have a surface of drift, mostly stratified gravel and sand, 10 to 20 feet 
thick ; underlain by beds that are probably of Cretaceous age, consisting of 
fine blue clay, bedded, weathering while, 4 to 10 feet thick, and sand or fine 
gravel, readily crumbling and containing rounded lumps of a fine white 
powder, exposed 20 to 30 feet vertically. Deposits of clay, which have been 
much used for the manufacture of fire-bricks and pottery, occur in the 
banks of the Waraju or Big Cottonwood river soulh-wcst of New tllm. 
These with associated sandy marl, sandstone, and thick beds of sand, are 
probably Cretaceous deposits. Other beds of this period, consisting of 
cavernous and nodular gray limestone, much of which has been burned for 
lime, interstratified with green and red clay and shale, occur on the north 
eide of the river about a mile below New Ulm, being half way between the 
conglomerate and quartzyte, and again a mile farther south-east on the 
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south side. In each place these strata form s, terrace abotit 35 feet above the 

Eight miles below New Ulm on the north aide of the river, Cretaceous 
Bandstone haa been slightly qQarried on laod of Wiliiam Fritz, in ttie N. E, 
i4 of sec. 16, Courtland. It lies in layera from 1 to G feet thick, some of 
which contain fragments of wood, charcoal, and augiospermous leaves. 
Interatratifled with these layers are others, 6 inches to 3 feet thick, of white 
uncemented sand. Several outcrops are found here and others appear occa- 
sionally for a mile south-eastward, varying in height from 25 to 40 feet 
above the river. The same rock occurs again on land of Henry Greenholtz, 
3 miles south-east from the last, in sec. 24, Courtland, and lias been qnarried 
a little for culverts and cellar- walls. Its outcrop is 30 rods soutli-east from 
bis house, and about 35 feet above the river. There is an irregular slope at 
each of these localities, amounting to about SO feet in >4 mile or less, 
between the foot of ihe btuffs and the river. 

All the strata here described and referred to the Cretaceous age, lie in a 
nearly horizontal position beneath the drift. They have only yielded fossils 
in a few places, and these have been mostly obscure plant remains and 
lignite. Similar formations, containing characteristic Cretaceous fossils, 
have a great development in the region drained bj- the upper Missouri river. 

The Shakopee limestone at Mankato, St. Peter, and Ottawa, contains in 
its cavities and fissures singular deposits of greenish or bluish clay, wliich 
becomes white by exposure to the weather. At the railroad bridge across 
the Blue Earth river, a cut in thia limestone shows hollows and crevices 
reaching 20 feet below the top of the rock. These cavities are water-worn, 
and their surface is thinly covered by iron ore, from a half inch to an inch 
and a half thick. Within them, after thia ferruginous crust was formed, 
clay has been sifted and packed so as to fill irregular spaces, often several 
feet in diameter, enclosed and partially covered by the limestone. The claj- 
here is greenish or bluish, weathering white, in aome portions sandy, hori- 
zontally bedded, or conforming somewhat to the shape of the hollow that 
holds it. The quarries at St. Petercontain in clefts and water- worn cavities 
a similar greenish white silt, lioldmg much sand and many angular flinty 
fragments. At Ottawa, John R. Clark's quarry exposes a nearly vertical 
seam of this clay, 1 to 2 feel wide, 6 feet deep and extending lower, seen 
here for 8 rods in a nearly weat-to-easl course. Nearly in llie line of its 
continuation, at 29 rods farther east, the same clay was found in Charles 
Needham's well. In a similar seam, reaching down 15 feet in the limestone. 
At St. Peter and Ottawa no marks of stratification can be seen. None of 
these clays have yielded any fossils. Their probable origin has been shown 
by Prof. Winchell, who attributes them to deposition while this region was 
deeply covered by the Cretaceous ocean. 

Glacial Drift. The presence at many points in the Minnesota valley of 
decomposed granite and gneiss, and of Cretaceous beds, both of which would 
yield readily to eroding agencies, ahowa that the moving ice-sheet did not 
everywhere plough up all the loose material under it. A considerable depth, 
however, has probably been removed; and these may be scanty remnants of 
thick beds which covered this region generally before the glacial period. 
More commonly the ice-sheet removed all such material, and gathered a 
part of its drift from the underlying solid rocks i as is shown by their being 
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frequently rounded, Bmoothed, and marked with parallel furrows and 
scratcbes, called strite. Similarly BCratcbed pebbles and boulders are found 
in Ibe glacial drift. These were the graving tools by which the bedrock 
was worn and striated. They were held firmly by being frozen in the bot- 
tom of the ice and were pushed forward by its current, which thus recorded 
its direction. Our observations of strias are of course limited to the rock 
■exposures seen along the Minnesota valley, and there many of the rocks are 
BO disintegrated by the weather that these marks are effaced, 

Covrie* of Stria in the VaUty of the Minnetola River, 
referred to the true meridian. 



J. E.tpom loot of Big Stone lake, Granite,.. 

F. FraokhBUS', S. B, i of nee, 88. t. ISl, r.4B, Grai 

S.E. parlor Granite Foils, on S.E.' Bide or river, at sev' 

Beaver FallB, at dam of O K mill 

-3 miles below Birch Coole; creek, N. W. 1 ot sec. 10, t. 

112, r. 34, ■■- 

lUnlleaweat from Fort Bldgely, 

nNowTJIm Qnartiyte,... 

. Jordan Sandatone, , 



In the topographic description of this region it baa been pointed out that 
this valley lies nearly midway between parallel terminal moraines, which 
extend from north-west to south-east, about SO miles apart; that on the 
nortb-east reaching from the Leaf lulla to Glenwood, Minnetonka lake, and 
Rice county, and that on tbc south-west being the well-known massive 
Coteau des Prairies. These series of drift- hills are connected by a loop that 
passes through Hancock, Kossuth and Palo Alto counties in northern Iowa, 
making a single contemporaneous series shaped like the letter U, and 
bounding the area covered by a vast lobe or tongue of the ice-sheet. Near 
the center of this area the glacial current, as shown by these strio;, was in 
is or south-easterly ; but in approactung its margin we 
vas everywhere deflected to a course nearly perpendic- 
oraine. The straight trunk and divergent branches of 
lUr idea of the axial and marginal motions of the Ice- 
The terminal moraiae accumulated at their border 
has been described under the head of topography, so far as it has yet beeo. 
explored. 

The most remarkable features of our glacial deposits are their great depth 
and extent. It has been already stated that the old rocks are almost every- 
where concealed ; nor are they reached by the deepest wells, which go down 
75 to 250 feet without passing through the drift, except in two or three 
instances, upon this entire area of 16,000 square miles. Through all this 
^tart of the State the drift probably averages as deep as along the course of 
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Minneaota river, where a chaDnel cut down in many places to the older 
TOckB shows these Huperficial depoaits to be from 100 to 200 feet thick. We 
are not jet able to estimate what portion of tliis material was here before 
the glacial period, In the form of decomposed and in part aolid rock. Creta- 
ceous strata, mostly unconsotidated, and the alluvium of rivers. The aggre- 
gate of these was great, but it seems probable that this thick drift-sheet 
includes in addition to these materials an equally large amount brought by 
the ice -current from areas farther north. 

Till, or unmodified glacial drift, known also as hardpan or boulder-cIay, 
consisting of clay, sand, gravel, and boulders, mixed indiscrimiuately 
together, makes up nearly the whole of this great mass of superficial deposits ; 
excepting the lacustrine plain of tlie Red River valley, filled by Lake Agassiz 
during the retreat of the ice-aheet, and the east part of Becker and Otter 
Tail counties, which are mainly modified drift. Very finely pulverized rook, 
forming a stiff, compact, unctuous clay, is the principal ingredient of the 
till upon this area, whether at great depths or at the surface. The admix- 
ture of sand and gravel is somewhat variable, being often greater in the 
upper than in the lower part of the till. It is rarely enough to cause the 
side of a well or cellar to fall down at the time of excavation. Layers of 
sand and gravel are frequently enclosed in the till. They are commonly 
from a few inches to a few feet in thickness, and often are filled with water. 
At considerable depths the water is generally under hydrostatic pressure, 
which causes it to rise in wells to within 10, 20 or 30 feet below the surface, 
sometimes even overfiowing. Thick beda of stratified gravel, sand and clay, 
varying from 10 to 50 or 76 feet, also occur occasionally below till, which 
is again found beneath them where these stratified deposits have been 
penetrated. 

The till is also found, even where not so divided by intercalations of mod- 
ified drift, to be in massive beds which difCer from each other as to color, 
hardness, and relative proportions of elay, sand, and stones, these changes 
being often noticed together at a definite line, Themost notable distinction 
in color is that the upper part of the till, to a depth that varies from 5 to SO 
feet, but is most commonly between 10 and 30 feet, is yellowish, due to the 
influence of air and water upon the iron contained in this deposit, changing 
it from the protoxide state to hydrated sesquioxide. At greater depths the 
color is much darker and usually bluish. In a few instances a yellow bed of 
till is reported beneath or enclosed in the blue till. Several observations show 
that the yellow color of the till, in its upper portion, has been mainly pro- 
-duced by exposure to the weather slnoe its formation, and was not probably 
occasioned by differences in the conditions of its accumulation in and 
beneath the ice-sheet. 

Another important difference in the till is that its upper portion Is more 
commonly softer and easily dug with a shovel, while below there is a sudden 
,change to a hard and compact deposit, which must be picked and is often 
three times as expensive for excavation. There Is frequently a thin layer of 
sand or gravel between these kinds of till, which have their division line at 
a depth that varies from 5 to 30 or very rarely 40 feet. Owing to the more 
compact and impervious character of the lower till, the change to a yellow 
«olor is usually limited to the upper till. There are instances, however, 
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where this weathering lias not reached to the liue that divides the softer 
from the harder till, and otliers where it has extended considerably lower. 
The probable cause of this difference in. hardness was the pressure of the 
vast weight of the ice-aheet upon the lower till, while the upper till, was 
contained in the ice and dropped loosely at its melting. 

Again, in numerous places the upper till as here described is directly 
underlain by a softer till, moist and sticky, and dark bluish in color. This 
is usually of considerable thickness, or between 20 and 50 feet. It often 
encloses or is underlain by beds of water-bearing sand ; but occasionally it 
has been penetrated and is found to lie directly upon a bed of very compact 
till, such as usually cornea next below the upper till. In some cases this soft 
and moist deposit is evidently stratified clay, free from gravel or only hold- 
ing here and there a stone, and all varieties appear to be found between this 
and an unstratifled and very pebbly till ; as indeed it may be that the latter 
in different localities shows all gradations from its occasionally very soft 
character, where a sliovel can be easily thrust into it to the depth of a foot 
or more, to the hardest deposits of the lower till in which a pick can be 
driven only an inch or two at one blow. 

The few beds found in this district which contain shells or trees that 
flourished in interglacial epochs, lie beneath two distinct beds of till, the 
lower sometimes showing its usual hard and compact character, but else- 
where being even softer than the upper till. 

Excepting the division into beds as before described, the till is an entirely 
unstratifled deposit. There has been no a.ssortment by water of its mate- 
rials, and the coarsest and finest are mingled confusedly in the same mass. 
Often a thickness of fifty feet or more exhibits no evidence of stratification. 

Small rock -fragments, varying in size up to the dimension of six inches, 
are usually numerous and. scattered through all parts of the till ; they are, 
however, seldom abundant, and are sometimes so few that in well-boring 
none might be encountered. Boulders of larger size are less frequent, and 
often a well or even a railroad cut in till fails to display any of greater 
diameter than 2 or 3 feet. Again several may be found of various sizes up 
to S or perhaps 7 or 8 feet. They appear to be usually more numerous in 
the upper part of the till than below. The number of boulders over 
one foot in size to be found generally upon the surface varies from one or 
two to ten on an acre ; but often they are more scarce, so that perhaps a 
dozen could not be gathered on a square mile. Terminal and medial 
moraines usually contain both small and large boulders somewhat more 
abundantly, and very rarely they are so plentiful as to cover half the ground; 
their greater numbers being the moat important difference between the till 
forming the morainic hills and that spread in gently undulating or nearly 
level tracts. 

The largest boulder seen in the first seven weeks of my exploration for 
this survey was on the hills of Langhei, the highest in Pope county. It 
measured 12 by 9 feet, and rose 3 feet above the surface, probably having an 
equal amount buried. This was the only boulder seen during this time that 
exceeded eight feet in diameter, though the area traversed was almost 
entirely till and included the Leaf hills and the continuation of this moraine- 
for 100 miles thence to the south and south.east. Larger blocks than the 
foregoing were seen only in the valley of the Minnesota river, the most 
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sotable being Id Big Stone county, where two boulders, about 30 and about 
20 feet in diameter, lie near the railroad between Correll and Odeesa stations. 
Nc»rl; all the large bouldera throughout this whole region are granite or 
gneiss, with occasionally one of some crjstallioe actiist or of maguesian 
limestone. 

The tliick and almost universal nautle of drift prevents a reference of the 
varieties of Ihese rocka to their sources. In general, the great representa- 
tion of metamorpbic rocks indicates tliat these probably occupy the greater 
part of this area, extending in a wide belt from the Minnesota river to their 
large tract in the north-east part of the State. The limestone, belonging to 
a period later than that of the St. Lawrence and Shakopee limestones, quite 
probably occurs in place beneath the drift in the north-west part of the 
region liere reported, as is indicated by the well already mentioned at Her- 
man, by Owen's note of limestone on the Red river above Fergus Falls, and 
by the great abundance and large size of its boulders at localities near 
Audubon and White Earth Agency in Becker county. Northward it out- 
crops near Winnipeg, and many of its boulders in our drift may have been 
carried this distance of 200 miles or more in the ice-sheet. The proportion 
of limestone through the north-west part of our district averages one-tenth 
or less of boulders exceeding a foot in diameter, while of small pebbles it. 
often constitutes half in bulk and more than half in number. Handfuls of 
pebbles taken from stratified drift at Hawley, in Clay county, showed 12S of 
limestone, with TO of granites and schists; at Muskoda, they were 44 and 
3S ; five miles north of Breckenridge, two-thirds of the pebbles in a gravel 
bank beside the Red river are limestone. South-eastward a less proportion 
of limestone is generally found, and its abundance as boulders or pebbles 
seems to be confined to occarional areas a few miles or less in extent. 

Records of wells, noting the oider, thickness, and character of the various 
strata passed through, have been gathered in every part of the region here 
reported. The total number of wells thus noted is G82. Of these 97 are in 
localities which showed only modified drift ; about an equal number left off 
in the upper till, or in beds of modified drift lying below it, without going 
deep enough to reach the lower till ; about 30 were recorded because of their 
sudden rise of water, or for some other reason, without obtaining any par- 
ticulars as to the material penetrated ; and a few were in the rock-forma- 
tions of the Minnesota valley; leaving 354 wells that show both the yellow 
and blue tills, tu which the depth of the change of color, the occurrence of 
intercalated layers of modified drift, and generally the relative hardness of 
the upper and lower tills were noted. Of the last class, 1S2, or more than 
half, found the lower till notably harder than the upper till ; and of this 
number, 63 had a layer of sand or gravel between these beds of boulder-clay. 
The yellow color is almost always limited by the line or stratified beds 
between thege tills; and where the stratified drift is wanting, a sudden and 
well-marked change Is noticed in hardness, color, and often in material. 

Soft and moist, dark bluish till, stony and unatratified, underlies the upper 
till in 45 Instances, in 9 of them being separated from the upper till by sand 
and gravel from 2 inches to 4 feet thick, Two of these beds of lower till 
had their first few feet hard and were soft below. In 21 other instances 
theie were found beds of more or less plainly stratified, soft, dark bluish 
clay, which sometimes was free from all pebbles, and elsewhere was quite 
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pebbly, or, though geoenlly free from gravel, yet conltuned rarely stones of 
various uzea up to one foot in diameter. Of these 12 laj directly below the 
upper till, and B were below both this bed and another of hard and compact 
lower till. The tbictcness of these beds of till or of stratified clay rarlea from 
G to 86 feet ; In 30 cases it exceeded 25 feet. 

The average thickness of the upper till in 256 wells where it is nnderlain 
by much harder lower till, or by beds of modified drift, is 17 feet. The 
extremes are 3 to 6 feet and 40 feet. Examples wen found where both the 
tbinDest and thickest of its beds were underlain here by modified drift and 
there by typicallower till. About a quarter part of the deep wells in till 
found no noticeable difference between its upper and lower portions except 
that of color. 

Water-bearing gravel and sand, lying in a nearly horizontal layer from a 
few inches to five feet In thickness, were found in 148 Instances at depths 
in the lower till varying from 30 to 265 feet. Tbe water almost always 
rises from these beds, sometimes very suddenly and with much force. 
At Audubon, in Becker county, water was struck at SO feet, after boring 
through compact till, and its pressure was bo great that it instantly 
threw up the auger and shafting, weighing 600 pounds, twenty feet, filling 
tbe boring with gravel to that height. In three minutes it rose and stood 
at two feet below the sujface. Two wells in Hamden, a few miles to the 
north, about 75 and 100 feet deep, find water at the bottom which rises and 
permanently overflows. Other fiowiog wells are foufid in Wilkin, Traverse, 
Qrant, Douglas and Chippewa counties. The deepest well found is that 
bored tor tbe railroad at Stewart, in McLeod coimty, where the water rbea 
from a depth of 265 feet and stands at 5 feet below the surface. In most 
places a sufQclent supply of water for common needs seeps into the well 
from the lower part of the upper till or is furnished by springs found in 
thin seams of sand or gravel next below this, or within IS or 20 feet in the 
lower till. The water in these wells usually rises slowly, allowing plenty of 
time for walling them; or often It is under no pressure, and a reservolrmust 
be dug below Its source. The experience of well-diggers frequently demon- 
strates that veins of gravel and sand filled with water nnder pressure maybe 
quite narrow. Thus of several wells near together one only will encounter the' 
vein, though tbeothfirsgomuchdeeper. Theupward pressureand abundant 
supply of water, however, show that though narrow the vein is continuous 
through a considerable distance and descends from a higher level. It is 
probable that many of these courses of gravel and sand were formed by 
small sub -glacial streams. 

Stratified beds of gravel, sand or clay were found between the upper and 
lower till, or lay beneath the upper till and were not passed through, in 127 
wells; 77 of which showed 2 feet or less of this modified drift;, 22 had 
between 2 and 10 feet ; 7 between 10 and 20 ; and 21 had from 20 to 70 feet. 
The thickest of these beds were seldom penetrated. The west range of 
townships in Otter Tail county may be mentioned as a tract in which such 
large deposits of modified drift are frequently found under a comparatively 
thin surface of upper till. 

Massive deposits of stratified gravel and saud in or lieneath the lower til] 
were found in 43 wells. The lower till above the modified drift in these 
wells averages 26 feet thick, its extremes being S and G3 feet. The under- 
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lying gravel and sand, with lajen of clay in eome inatanceg, Average IT feet, 
and range from 9 to 70 feet In thickuesa. 

Interglactal epoclu, id which animals and plants lived upon tliig area, are 
proved by their remalna preserved, evidently where they were living, instrat- 
ifled beds underlain and overlain by till. Such fossitlferous beds, however, 
are very rarely found In this region, and the following enumeration includes 
all that have come to our knowledge. In sec. 30, Blakely, Scott county, W. 
R Salisbury's well was yellow till, IS feet ; blue till, 30 feet ; and " mud, like 
a lake bottom," three feet, this lowest bed containing many shells, grass, 
and apparently grains of wild rice. In Hutchinson, B miles east of the vil- 
lage, the well at Nancy Nuttis, in S. £. ^ of sec. 35, was upper till, 14 feet ; 
much harder lower till, 16 feet ; and gray sand, 2 feet, the last conttuning 
abundant snail-shells, like those now living in our lakes. B. D. Ross' well, 
^ mile east of this, was similar, fluding at the bottom a bed of sand filled 
with these shells. At Olivia station, in sec. T, Bird Island, Renville county, 
the well at Lincoln Brothers' mill was yellow till, picked, 10 feet ; softer but 
more rocky blue till, 9 feet ; very hard blue till, 1 foot ; and quicksand, 4 
feet. A log, apparently taqiarack, 8 inches in diameter, with several 
smaller sticks and twigs, lay across this well, embedded in the top of the 
quicksand. They were chopped off at each side. Q. W. Bnrch, 2 miles 
south- west from this, in sec. 24, Troy, found upper till, IS feet ; dry, yellow 
sand, 4 feet ; soft blue till, ifi feet ; black loam, perhaps an interglacial soil, 
2 feet; and gray quicksand, 4 feet, its upper part containing a log and 
smaller sticks like the foregoing. Several other wells within one or two 
miles about Olivia show similar remains of a deeply buried tamarack swamp. 
At Barnesville, in Clay county, John Uarth's well was till, 12 feet ; then, 
quicksand, 1 foot, containing several sticks of tamarack up to 8 inches in 
diameter, lying across the well, which, together with the inflow of water, 
prevented farther digging. In the N. E. 3^ of sec 28, t. 135, r. 47, Wilkin 
county, C. B. Gleason's well was upper till, 8 feet; gray sand, J^ inch; much 
harder lower till, IS feet ; underlain by sandy black mud, containing many 
snail-shells. The two last are witliln the area that was afterward covered 
by Lake Agassiz. All these wells found a supply of water in the beds con- 
taining the fossils and therefore stopped before reaching the till which 
almost certainly underlies them. The locality first mentioned, in Blakely, 
is just at the top of the bluSs of Minnesota river, so that the entire depth of 
the drift at this place, composed about wholly of till, is known to be more 
than three times that of the well. The drift is probably of equal thickness 
in the other places ; and, as shown by numerous wells 12S to 265 feet deep, 
it Is generally composed of till, enclosing occasional stratified beds. Two 
other instances in which shells were found by wells In till, at Stewart and 
near Campbell, but where nothing definite has yet been learned about them; 
shells found in the brick clay at Chaska overlain by till ; and a tamarack 
swamp at Fergus Falls, burled under 12 feet of very coarse fluvial deposits, 
complete this list. Though these examples are few in number, they yet are 
regarded as undeniable evidence that animals and plants occupied the land 
during temperate Interglacial epochs, preceded and followed by an arctic 
climate and ice-sheets like those now covering the interior of Greenland and 
the Antarctic continent. The occurrence of interglacial shells and trees In 
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the Red river valley aiqwan to prove that the departure of the ice in their 
epoch VM sudScient to allow the drainage of this vallej northward. 

If Bucceidve Ice-sheets have thus been accumulated and pushed forward 
upon this area, some of them donbtless formed terminal morainea, which 
were afterward covered and their mounds and hills of coarsely rooky drift - 
spread in a nearly level stratum by the more extended ice-sheet of a later 
epoch. Such a buried moraine is exposed by the deep channel of the upper 
Minnesota river. The till here is found to contain, at a depth of 40 or SO 
feet below the general surface, a stratum that abounds In boulders, usually 
producing a narrow abetf or terrace upon the bluffs. About Correll station, 
in Big Stone county, this rocky layer in the till has caused an extensive plain 
to be left In the process of erosion, GO feet below the top of the bluffs and 
about 76 feet above the river. It is everywhere plentifully strowu with 
bonlders, and in some portloua these occur In heaps and patches covering- 
half the ground. The deserted channels north-east of Lac qui Parle fre- 
quently have their bed upon this stratum of boulders. Its exposures along 
the Hinnesota valley were seen In many places through a distance of 50 
mllei, extending from the Correll plain to a point three miles below the 
mouth of the Tellow Hedlcine river. 

Modified Drift. In addition to the beds of modified drift enclosed in the 
till or lying below tt, other accumulations deposited by wKter occur on the 
surface of areas which are mainly till. They consist of luterstratifled gravel 
and sand in knolls or mounds that rise 10 to 20 feet above the general level. 
These are seldom very numerous, and are rarely extended In ridges or in any 
noticeable series. Their origin, however, was probably similar to that of 
the grave) ridges or kames which often form long series in other drift 
regions, being the deposits of glacial rivers poured down from the surface 
of the melting ice-flelda. The only place where kames of the usual type 
have been observed, occurring as well-marked parallel ridges of interbedded 
gravel and sand, is two miles south-east of Lake Johanna In Pope county. 
Here they are from 2S to 7G feet high, extending two miles from north to 
south, and the land at each side Is modified drift. A less typical ridge of 
this kind forms the west shore of Wall lake, five miles east of Fergus Falls. 

The lake deposits of the Red River valley have been partially described, 
and their origin treated of, in an earlier part of this report. A section of 
these beds at Olyndon, shown by a boring at the elevator of O. 8. Barnes & 
Co., was soil, 3 feet; quicksand, 22 feet ; dark clay, free from stones,-T5 feet ; 
very hard yellowish till, 16 feet : softer till, 10 feet. In Moorhead the well 
at John Erickson's brewery was light-colored clay, 20 feet ; quicksand, 4 
feet ; blue clay, with gravel and boulders, SO feet ; underlain by sand from 
which water rose Immediately about 80 feet. A. H. Moore's well at Fargo, 
withina mile west from the last, was similar, being yellow clay, IS feet; sand, 
3 feet ; dark, bluish clay, 77 feet, free from pebbles, excepting in its last 
two feet ; underlain by sand from which water rose to 7 feet below the sur- 
face. At Georgetown, 16 miles north from these, a well 80 feet deep was 
wholly in Btratlfied clay, yellowish for al>out 10 feet at the top and dark 
bluish below, finding no sandy layers and no water. 

The modified drift which covers the greater part of eastern Becker and Otter 
Tail counties Is in contrast with this plain of lacustrine clay, being almost 
wholly sand and fine gravel, sometimes level, again moderately undulating, 
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and occaalonally, as at Detroit, in swells and hills 26 to 40 feet high. These 
deposits are not often penetrated by wells, which show them to be in some 
places' at leaat 80 feet deep. Southward, similar accumalatloos of sand and 
gravel are found In the east edge of Douglas and Pope counties, while 
-eaatward they have a Urge extent outside the limits of this report. They 
are believed to have been deposited bj descending floods produced and 
freighted by a departing ice-sheet, which appears to have sloped toward this 
.area from the west, north, and east. 

Olaclal melting also filled the great valleys with stratified gravel, sand and 
-clay. Clearwater and Honticello prairies in Wright connty are expansions 
of this glacial flood-plain of the Mississippi. Since the Ice-age the river has 
■channelled out and carried away much of these deposits, leaving remnautg 
upon each side. At Honticello and Clearwater these plains of modified drift 
are TO to SO feet above the river. Between them and the bottomland, or 
flood-plain of the present time, an Intermediate terrace is frequently seen. 
Honticello village is situated on such an area, about 39 feet above the liver. 
Northvr&rd, at St. Cloud and Brainerd, the old flood-plain is about SO feet 
liigh ; to the southeast It descends a little faster than the river. Its height 
being 45 feet at Dayton, and from 25 to 30 at the head of St. Anthony's falls. 

The valley of the Ulnnesota river from Uankato to Its mouth was also 
filled with modified drift. Its remnants include a terrace 3 miles long east 
And south of Easota ; the ' ' sand prairie ' ' about 4 miles )ong and averaging 
a mile wide, west and north of St. Peter ; Le Sueur prairie, 6 miles long and 
from 1 to 3 miles wide, beginning east of Ottawa and reaching to Le Sueur ; 
the plain 5 miles long and a mile wide, near the middle of which Belle Plaice 
is built ; Spirit ill 11 and "sand pr^rie," south-westandnorth-west of Jordan; 
* terrace 8 miles long and varying from a few rods to 2 miles in width, 
extending through San Francisco, DaUgren, and Carver; and Shakopee 
prairie, 8 miles long and averaging one mile wide. The height of these 
plains at Kasota, St. Peter, and Le Sueur, is about 190 feet above the river; 
at Belle Plaine, about 135; and at Jordan, Carver, and Shakopee, about 12S. 
Wells on the "sand pr^rie" near 8t. Peter and on Le Bneur prairie go 
through sand and gravel, sometimes with layers of clay, to the depth of TE 
mr 100 feet, finding tlllbelow. At Belle Plaine the sand and gravel are about 
90 feet deep, underlain by till. Shakopee prairie has 40 or 90 feet of this 
modified drift, lying upon limestone. The principal remnant of these 
deposits seen below Siiakopee was a terrace about 75 feet high, J^ to K mile 
wide, and 4 miles long, extending through Eagan in Dakota county, its 
north end being about 2 miles south of Fort Snelllng. This valley was first 
excavated in till, which rises in continuous bluffs on each side 50 to 100 feet 
above these high plains and terraces of modified drift. It was afterward 
filled for 60 miles next to its mouth with fiuvlal deposits 7S to IGO feet thick, 
sloping about 2 feet per mile, through which the channel has been cut anew. 
Above Hankato the valley rarely shows any similar remnants of modified 
drift; and those which are found appear to have been part of local accumu- 
lations, rather than of a continuous flood-plain. Further remarks relating 
to the orgin of the modified drift in this valley are to be found in the descrip- 
tion, under the ensuing division of this report, of the brick clays at Chaska, 
"Carver, and Jordan. 
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The chief contribatlona to the wealth of Minnegota, derived directly from 
geological formatiouB in this district, ore bricks, lime, and quarried stone. 
Explorationa made for coal, Its mode of occurrence, and the improbabilltj' 
that it exists here in any valuable amount, have been spoken of in our 
account of the cretaceous strata. No ores of any practical importance have 
been found. The principal resources of this part of the State are the pro- 
ducts of its invariably fertile soil, and the water-powers afforded by many 
of its streams, which, by using their lakes for reservoirs, may be made nearly 
uniform iu flow throughout the year. 

Briekt. Notes respecting the manufacture of briclis have been gathered 
wherever tliia work is done, and part of these are here presented. The 
material employed is usually stratified clay, belonging to the modlQeddrift ; 
sometimes along Minnesota River it is the alluvium now being deposited at 
every season of high water ; and rarely, as at Fergus Falls, the clay used in 
brick -making appears to be a true till, in which portions quite free from 
gravel can t>e selected. The bricks made from the recent alluvial clay are 
red, but nearly all others throughout this region are cream- colored, tltis 
difference being due to the state of chemical combination assumed during 
the process of burning by the iron which these clays contain. 

The following statements show the extent of this industry in the Valley 
of Minnesota River, where bricks are made at many places, among which 
Chaska leads with i yearly product of about seven millions. The order is 
that found in ascending the river, 

At Bhakopee, Schrceder Brothers have made bricks 4 years ; annual pro- 
duct, 700,000, selling at (6 per M. Alluvial clay is used, with admixture of 
one part sand to two of clay. 

At Chaska four companies are engaged In this business, all upon an area 
about an eighth of a mile in extent. This clay is modified drift of intcrgla- 
eial age. It varies from'20 to 40 feet in thickness, being underlain by sand 
and covered by till from 3 to 6 feet thick, holding boulders of all sizes up to 

5 or 6 feet in diameter, many of which are planed and striated. This till 
forms the surface, 25 to 30 feet above the river. The only fossils found here 
were fresh-water mussel shells, irhich occurred in considerable numbers 
upon a space four rode in diameter near the middle of Qregg & Griswold's 
excavation, lying in the upper foot of the clay, just beneath the till. Brick- 
making was begun here twelve years ago, and has been steadily increasing 
to the present time. The first yard worked has been now owned by Gregg 

6 Griswold six years. Their yearly product is about 2500 thousand, selling 
at (5 to |6 per M. From 40 to GO men are employed for six monttis. Sand 
is mixed in varying proportions according to the quality of the clay, the 
average being about one part in ten. This company have machinery and 
room to make 40 thousand bricks daily. L. Warner makes about two mil- 
lions yearly, employing 30 men. The proportion of sand used is from one- 
fourth to one-seventh. Wiest & Eruze make 1500 thousand yearly, having 
20 men. The two last yards have been operated about 8 years. Schlafle, 
Strobach & Streissguth began three years ago, and in 1878 made 900 
thousand ; during 1879, they expected to make three millions, employing 



3vGooglc 



BTATK OB0LOOI8T, 119 

At Carver the clay lued occurs SO to 90 feet above the river, aa a gtratiun 
from 80 to 40 feet thick, overlain and underlain by sand, being included in 
the modified drift which formerly filled thia part of the valley. It probably 
was deposited during the retreat of the ice-Bheet which overspread this 
re^on, &s shown by the interglaciat clay at Chaska, after the valley had 
beeo eicavated between its bluffs of till. J. M. Nye & Co. here make SuO 
to SOO thousand bricks yearly ; and Andrew Ahlln, about two-thirds of a 
mile southwest from Carver, has two yards, his annual product being from 
one to one and a half millions. 

At Jordan Charles Rodell has made bricks 12 years, averaging about 600 
thousand yearly, and selling at (6 per M. This clay deposit, as at Carver, 
is part of the stratified valley drift. It is 40 feet thick, lying upon till, and 
overlain by gravel and sand. The top of the clay is about GS feet above the 
river. A very interesting kind of stratification is shown bv this clay, 
which is bedded in distinct horizontal layers from 3 to 8 inches thick, aver- 
aging 6 inches. These layers are dark bluish, often finely laminated, chang- 
ing above and below to a nearly black, more unctuous and finer clay, which 
forma the partings between them. These divisions are clearly seen through 
the whole extent of Mr. Rodell'a excavation, which reaches 25 feet below 
the top of the clay and is 4 rods long. The same stratiflcalion is shown 
also by the excavation of Nye & Co. at Carver, where the exposure is 4 rods 
long and 15 feet high, except that here the layers all have a nearly uniform 
thickness of 3 inches. In thia depth of IE feet there are thus about aixty 
layera, all exactly alike. The alternating conditions which produced them 
were evidently repeated sixty times in uninterrupted succession. The only 
explanation for thia which seems possible is that these divisions mark so 
many years occupied by the deposition of this clay. It appears that these 
clay-beds are of limited extent. The broad flood-plain was mainly built up 
by additions- of fine gravel and sand spread over its surface by floods like 
those which now occasionally overflow the bottom-lands. Clay could settle 
only where holiowa were formed by inequalities In thia deposition and left 
out^de the path of the principal current. Now nearly all the features of 
the modified drift, as the general absence of shells or other fosaila, its hillocks 
and ridges called kames, and ita occurrence only in glaciated regiona or in 
valleys of drainage from them, Indicate that this formation was accumulated 
by atreama diacharged from a melting ice-sheet. If the origin of the modi- 
fied drift that filled the lower part of the Uinneaota Valley was from such 
glacial melting, it is apparent that the floods would be greater and would 
bring and deposit more sediment in summer than in winter. Layers nearly 
like those in the clay at Carver and Jordan are also seen in other clay-beds 
in this valley and in that of the Mississippi in this State. The principal 
mass of each layer is regarded as the deposition during the warm poriion of 
a year, and the very dark partings as the sediment during winter when the 
melting was less and the water consequently less turbid. The upper part of 
these beds of clay are generally colored yellow to a depth varying from one 
or two to ten feet, the lower portion being blue. The limit of the yellow 
color in the clay at Jordan runs obliquely, being nearly parallel with ttie 
sloping surface, so that the same horizontal layers are partly blue and parity 
yellow, which shows that ihis is a discoloration by weathering. 

At Belle Plaine, Jacob EranK has made bricks 10 years; annual product. 
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300 thouMUid, selling at ^5 to 16 per H. The clsf used is recent fttluvium of 
the river, with which he mixes one-sixth as much Mnd as clay. 

At Henderson bricks are made by Henn&n Hatthei, who began 9 years 
ago, and now averages 404 thotisand yearly ; and by John Heier, who began 
in 1B7S, and expected to make 300 thousand during last season. Both ose 
recent alluvium. 

At LeSueur Henry Sruze has made bricks 16 years, using alluvial clay ; 
annual product, 300 thousand. He mixes one part of sand with two of clay. 
J. Wetter also has made bricks here 8 years, averaging 100 thousand per 
year. His clay has a thickness of 6 feet, and Is underlain by sand, the two 
fonning a terrace about 100 feet above the river. 

In Oslkawa, about one mile south-west from Bt. Pet«r, HatUiias Davidson 
has made bricks 19 years, using the recent alluvium. He averages 400 
thousand yearly, and aells at $4 to (7 per M. 

The brick-making at Hankalo and New Ulm cannot be here reported. At 
Redwood. Falls two kilns of brick, about 200 thousand, were burned by 
Bohn & Lamberton in I8T6. The clay is about 40 feet above the top of the 
succession of falls here in Redwood river, and about 180 feet above Minne- 
sota river. The section is black soil, 2 feet; yellow clay, dipping slightly 
eastward, about T feet ; changing below to yellowish sand. This clay is in 
layers, mostly about B inches thick, divided by dark partings similar to 
those described at Carver and Jordan. The underlying sand is In layers 
from i-i to 1 inch thick, separated by hard films of Iron-rust. Attempts to 
make bricks at Minnesota Falls and Granite Falls have failed, because of 
small limy concretions In the clay, causing them to crack in burning. Bricks 
in this region command |B per M, 

At Montevideo, Nils Bwennungson has made bricks two years; annual 
product, 60 thousand, selling at (0 to 910 per H. This clay is on the general 
level of the upland, 100 feet above the river. The section is soil, 1)4 'set ; 
yellow clay, used for brick-making, 3 feet ; clayey sand, 6 inches ; with clay 
containing limy concretions below. 

At Big Stone City In Dakota, opposite Ortonvllle, Tobias Oehler began 
brick-making this year (1879). The clay is nearly like that of Montevideo. 
During this season he made 240 thousand, selling at 912 per H. 

Brief notes of this production in counties north of the Minnesota river 
are the following, arranged in their order from south-east to north-west : ^ 
mile west of Dayton, in Otsego, Wright county, by Medor Arseno, about 
SCO M. yearly, at gT to $8 per H.; at Cokato, Wright county, by James 
Bunions, 300 M. yearly, for six years, at (8, the clay now nearly exhausted ; 
2 miles north of. Hutchinson, McLeod county, by W. H. Wyman, 100 M. 
yearly, at 97 to 98 ; 3 miles north-east from Litchfleld, Meeker county, by 
Henry Ames, 500 M. yearly at JT; at the north-west side of Nest lake in 
New London, Eandiyohi county, by Peter Larson, Jr., 200 to 300 M. yearly, 
at 98 to 910 ; at DeOrafE, Swift county, 30b M. were made in 1877, selling at 
910 per M.; at Olenwood, Pope county, by John Alton, 150 to 300 M. yearly, 
at 97 to 910 ; IX miles north-east of Alexandria, Douglas county, by John 
A. McEay, SOO M. yearly, at 96 to 910 ; 3 miles south-west of Alexandria, Id 
sec. 2, Lake Mary township, by Mark Bundy, 7S M. yeariy ; )4 <^^^^ north- 
west of Evansville station, Douglas county, by Richard Partridge, about 40 
M. yearly at 910 ; about 3 miles west of Parker's Prairie, Ottet Tail county, 
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by Henry Asselo, 100 H. in IBTS, at fJ to flO; M Fergus Falls, by J. A. 
NelBoa & Brothers, 100 M. formerly, SOO M. this year (1ST9), at about |S ; 
3 miles west ol Fergus Falls, by 8. R. Childs, 150 M. this year; at Detroit, 
Becker county, by Shaw & Martio, about 200 M. yearly at (8 ; and at Moor- 
head, by Lamb Brotliers, 2500 M. yearly, at tS, aad by Krueget & Truitt, 
1200 M. yearly. Additional detaila respecting this work and these and 
Other deposits of clay adapted for brick -making, will be given in the final 

£im^ The abundance or frequent occurrence of boulders and pebbles of 
magnesian limestone in the drift of this entire district, has been mentioned 
in describing that formation. The same stone, more finely pulverized, is 
one of the most important ingredients of our sand and clay also, being a 
principal cause of the great fertility of the soil throughout all these coun- 
ties. A large part of the lime used for building, except along or near the 
lower Minnesota river, has been derived from the drift, its limestone bould- 
ers being gathered upon rocky, morainic areas, or about shallow lakes, 
where the expansion of the ice in winters has slowly pushed these and other 
rock- fragments outward to the shore. A little ridge of gravel and boulders 
is thus frequently heaped to a height varying from four to eight feet above 
the lake. In nearly every county several of the eariy settlers have availed 
themselves of this resource, constructing small kilns and burning from GO 
to 200 barrels of limo yearly, according to the demand in their vicinity. 
This lime is usually of excellent quality, contains little sand, and is white, 
or sometimes cream -colored. We have a large list of these lime-bumers, 
but can mention here only those wbo do a permanent and considerable 
business, as follow : at Dayton, Levi Quier, burning about 500 barrels of 
lime yearly, sold at $1 per barrel; in Qreenleaf, Meeker county, Lewis 
Maher, from 100 to 300 barrels yearly, at <1.50 ; near Beaver Falls, Renville 
county, John Edget, R. R. Corey, and several others, each about 100 barrels 
yearly, at (1.60 ; at Minnesota Falls, Simon Christianson and W. C. Darby, 
each 300 barrels yearly, at (1.50; onemilenorthofOrtonville, Alfred Enowl- 
ton, SOO barrels this year at (1.2G ; farther north* west, beside Big Stone lake, 
Jacob Hurley, E. T. Hanes, and William H. Bowman, selling yearly from 150 
to 300 barrels each, at (1.25; at Donnelly, Stevens county, Joseph Meier, 300 
to 400 barrels yearly, at (1.25; in Evansville, Douglas county. Partridge 
Brothers, 250 barrels yearly, at (1.25; in Leaf Mountain and Clitherall, 
Otter Tail county. Orris Alberlson and others, 200 barrels or more yearly, at 
41.25 ; at Fergus Falls, J. A. Nelson Sd Brothers, and E. Barbeau, each 
about 500 barrels yearly, at (1 ; in south part of Oscar, Otter Tail county, 
Peter Carlson, about 400 barrels yearly, at (1; in Eglon, Clay county. 
Nils Larson, from TS to 250 barrels yearly, at (1 ; and at Detroit aud White 
Earth Agency, Becker county, ShawA Martin, 500 barrels yearly, at (1.50. 

Limestone in fragments and pulverized is so large an ingredient of the 
drift that all percolating waters become more or less charged with carbonate 
of lime in solution. The soft rain-water is thus changed to hard water 
before it finds its way into wells or issues in springs. The limestone which 
the water has taken up forms a scale on the inside of tea-kettles and the 
boilers of engines ; and similarly, because of exposure to the open air and 
evaporation, it is occasionally deposited by springs as an incrustation of 
moss, leaves, or other objects, or as a porous bed upon the surface of springy 
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ground. Inlereating springs of this kind occur near Carver, Glenwood, and 
Big Stone City. Their calcareous deposit is commonly called "petrified 
moss," from the fact that it becomes covered with growing moss, the lower 
psrt of which is being slowly encrusta) and its fonn preserved by this- . 
accumulation. It Is usually a light gray, very porous mass, less than a foot 
thick, and mixed with earth and foreign matter ; hut in two places more- 
massive deposits of this origin are found, which appear to have a value for 
the manufacture of lime. One of these, occurring in the K. E. }^ of sec. 
26 and south part of sec. 23, Tuusburg, Chippewa county, has been consider- 
ably burned for lime by E. R. Harkuess, who states that it yields a nearly- 
pure, white lime, fully as strong as that of boulders. It here forms a nearly- 
level layer 2 to 3 feet thick, extending fully a half mile as shown by frequent 
exposures upon the side of the bluS of till north-east of the Chippewa river. 
Only its south-east portion is adapted for lime-burning, the rest being grav- 
elly. It appears to mark a line at which springs issued because of impervi- 
ous beds above or below it. These springs are now partly intercepled by a 
tributary ravine 30 rods north-east, in which " petrifled moss" is forming- 
along a distance of about an eighth of a mile, at a height of three to six feet 
above the rill. About twenty-flve miles south-east from this, in the N. W. 
X of section 22, south township of Hawk Creek, Renville county,'a nearly 
compact calcareous deposit, containing impressions of leaves and sticks, is 
exposed for six to eight feet vertically in two masses four rods apart, on the 
south side of a ravine about fifty feet deep. It was probably formed by 
springs when this ravine was first channelled out, shortly after the glacial 

Cretaceous strata in the vicinity of New (Jim, and the Shakopee limstone 
in the lower Minnesota valley, yield the most important supplies of lime 
derived from this district. The only kiln burning Cretaceous limestone 
norih of Minnesota river and therefore within the limit of this district, is 
John Heymann's, abonlahalf mile north of Redstone. His yearly product is 
from 1,000 to 1,G00 barrels, sold at $1 per barrel. The section Is soil, 2 feet; 
drift gravel, 1)^ feet; cavernous, nodular, gray limestone, 2 feet; green clay 
with layers of red, 2 feet; and limestone as above, 2 feet; said to be under- 
lain by clays and shales. These beds form a terrace about 35 feet above the 
river. Other kilns burning lime from this formation are situated on the 
opposite side of the river. This lime is strong and sets quickly, making a. 
white plaster; except that It commonly includes a little clay, it is quite pure, 
having no magnesia or sand. 

The Shakopee limestone gives a very dark lime, which slacks to a brown 
or cream color. It is magnesian, with B little admixture of sand, and is 
burned more easily, slacks with less heat, and sets more slowly, than pure 
lime. It is preferred by masons for tirick and stone work, and for plastering 
except the finishing coat. The following notes were gathered respecting the 
manufacture of lime from this formation. At Shakopee, J. B. Conter bums 
15,000 barrels yearly, selling it at Saint Paul and IVIlnneapolis for 55 cents 
per barrel of 200 pounds. The section hers is limestone, obscurely and irreg- 
ularly bedded, yielding leather- colored lime, 6 to B feet; a lighter-colored 
calcareous sandstone, divided in beds al>out 8 inches thick, somewhat used 
for building stone, 2 feet; limestone nearly as above, In irregular beds from 
a few inches to one foot thick, yielding a very dark, blackish lime, 12 feet. 
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The stratification is nearly level ; but all the bed§ are raore or le«a fractured, 
porous and c&Temous, with different colors In the game layer a rod apart. 
The color Ihronghout is bufC of various shades approaching pink, yellow, 
and hrown. The top of the quarry is about SO feet above the river, and this 
formation extends below to the water's edge. Mr. Center also burns about 
1S,000 barrels of lime yearly at a quuiy 5 miles to the south-west In I^ouis- 
ville. This limestone is nearly like that at Shakope*. It is arenaceons, but 
shows no continuous layer of sandstone. At Ottawa, Charles Schwartz 
burns about 400 barrels of lime yearly for the demand in his vicinity, selling 
at 60 cents per barrel. At Caroline, in sec. 17, Eaaota, Conrad Smith burns 
6,000 barrels yearly, selling at Sfi cents per barrel. A third of a mile south- 
east from the last, George C. Clapp has burned lime 20 years, averaging 
2,000 barrels yearly, but has done nothing in this biuiness during the last 
two years. The last three use only the upper 2 to 5 feet of the limestont 
ten«ce at these places. A large amount of lime is also burned from the 
Shakopee limestone In Mankato, which is not included in this report. 

The St. Lawrence limestone in sec. 13, Jessenland, Sibley county, has been 
used for Ume-bnming by Herman Matthei, brick-maker at Henderson. 
Five kilns of small size were burned here last year, but the stone is now 
teamed to Henderson before burning. The lime brings 60 cents p^r barrel. 

Quarried St^me. The formations which are quarried in the valley of Min- 
nesota river for building stone, foundations, bridge masonry, or similar uses, 
are the quartzyte at Redstone, and the three members of the Lower Magne- 
sian group. The granite and gneiss of the upper Minnesota valley have not 
yet been worked to any considerable extent, but will probably fuminh valu- 
able quarries for the general market when a demand is created by the more 
complete settlementandlncreaMng wealth of that region. Cretaceous sand- 
stone, as previously mentioned, has been quarried slightly for culverts and . 
cellar-walls in Courtland, 8 and 11 miles south-east from New Ulm ; but 
the business is now discontinued or very small. 

In the quartzyte at Redstone quarries are owned by Francis Baasen, 
about 30 rods south-east from the railroad- bridge, who formerly quarried 
$200 worth of stone yearly, but none for three years past ; William Winkel- 
mann, a few rods farther east, quarrying only for his own use in building ; 
Frederick Meierding, a little farther east, now selling JlOO worth yearly, 
formerly about (400 yearly ; Gottlieb Arndt, one-Qfth mile north-east from 
last, with annual sates from (SO to $300 ; and Joseph Reinhart, close east of 
the last, selling little now, formerly ^00 worth per year. Only rough stone 
of small dimension is obtained, bringing from (2 to t3 per cord. 

Quarries in the timestoue at St, Lawrence are owned by Abraham Bisson 
and Philip Corbel, both renting to others the privilege to quarry for 50 cents a 
cord. The stone is sold at $3 or $3.50 per cord, the first of these quarries 
supplying fifty cords yearly and the second about twenty cords yearly. The 
sales for stone work from the quarries In Faxon and Jessenland are still 
smaller. Of this limestone at Hebron, in the south part of Nicollet town- 
ship, quarries are owned, in order from east to west, by Abel Keene, Wil- 
liam J. Phillips, William H. Thurston, and Mrs. J. H. Dunham. Some of 
these are rented at SO cents per cord. The stone is sold for 93 per cord, and 
the extent of sales at each quarry varies from $100 to $300 yearly, Judson, 
opposite to Hebron, has other small quarries in this formation. 
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The Jordan aanditone U quarried at Jordan hy Frank NicoUn and PbUip 
Eipp. It lies In beds from eight iochea to two or three feet thick. Mr. 
Nicolin'a flour-mill at this place, buUt of this stone, la 60 bf TO feet in area 
and TS feet high, in sis stories, having its walla S feet thick at the base and 
20 inches at the top. Besides this stmctore, which was erected in 1R78 and 
1ST9, Hr. Nlcolln'a quanj has within three years supplied (200(^ worth of 
stone, sold to the Minneapolis A St. Louis railroad for bridge maaonrj and 
to other purchasers. Hr. Eipp'g quarrf, opened this year, has supplied 
about $200 worth, at (3.7G percord. Foss, Wells & Co. also quarried this 
atone to build their mill and elevator. 

The limestone at Shakopee ia too much aeamed and fractured and too 
irregularly bedded for use as a building stone. In ascending the river, 
quarries where atone la obtained from thia formation for building purposes 
are found in Lonlavflle, Ottawa, St. Peter, Kasota, and Hankato, the two 
laat places having the largest buainesa. Thia work at Hankato we cannot 
report. Oppodte to thia city, in Belgrade, three quairiea on the land of 
John Q. A. Marah and brother are rented moatly to Dennia Sullivan and 
John Duffee, who pay 50 cents per cMd, selling at about $2 per cord for 
rough stone. A little further weat, Andrew H. Wlemar owns a quarry 
opened last year. He supplies dimension stone, rough or hammered. The 
rock of these quarries ia evenly colored and compact, in thick beda, and can 
aupply blocks S by 4 by 2 feet, or slabs 8 feet long. Details of the other 
places are given in the order mentioned. 

In Louisville, Mrs. H. A. Spencer owns a quany which has been worked 
15 years, with annual salee from $200 to $950. This atone ia in layers from 
1 to 3 feet thick, bard and compact, except that small cavities sometimes 
occur in it. It has been used for much of the bridge masonry of Scott and 
Carver counties, including the railroad-bridges at Chaska and Carver. 

At Ottawa quarries are owned by Levi Case, John R. Clark, Robert Todd, 
John S. Randall, Robert Winegar, and Eaaper Hader. The annual product 
is from 60 to 300 conls from each, aold at $1 to $2.E0 per cord. The atone 
here Is in layers from a few inchea to one foot thick. It ia aold mostly for 
use within 10 or 19 milea to wall cellara and wells, little being sent away on 
the cars. 

At St. Peter the stone ia thinly bedded as at Ottawa, except in the Asylum 
quarry, where it lies in massive beda 1 to 4 feet thick. This quany has been 
worked principally for the Asylum buildings. The other quarries are owned 
or worked by Jacob Bauer, Hugh Brogau, Ubalt Drenttel, John Malgren, 
and Henry Hiller. Their annual product ia 50 to 200 cords each, selling 
at $1.50 to $3 per cord. 

Kasota has the best quarries found in this limestone within our limits. 
It Is in beds from 6 inches to 2>^ feet thick, pinkish buff in color, uniform 
in ita texture, easily cut into any desired form, and durable under expoaur« 
to the weather. The most extenaive buainesa here is that of Breen & Young, 
who leaae from Stewart, Breckenridge & Butters. They employ 3S men 
and 3 teama at quarrying and loading upon the cars, the product in 1ST9 
Iwing worth $1S,000 as rough atone ; it is dreaaed after reaching their ahops 
in Saint Paul and Minneapolla, which bringa their aales per year to about 
$30,000. The largest stone ever shipped by them weighed 10 tons, its 
dimensions in feet being 14 by 6 by 1. Their quarry can supply blocks of 
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large sise snd 2 or 2^ feet thick i slabs, as for cemeteiy borders, 30 feet 
loDg ; and flag-stonea 10 or 12 feet square and. eight inclieB thick. Examples 
df the stone from tliis qnarry are the residence of H. J. Willing, of the firm 
of' Field, Leiter & Co., in Chicago ; the First Baptist Chnrch In Baiht Paul ; 
trimming of the High Bcboo) Building in Minneapolis ; and trimming* of 
the State Prison in Btillwater. The only other quarr; at this place is 
owned by J. W. Babcock, whose yearlj sales are from ^5,000 to $10,000. 
He has used stone to cut up which formed an unbroken sheet 60 feet long. 
Examples from this quarry are the trimmings of Odd Fellows' Hall in Saint 
Paul, and of Plymouth Church In Minneapolie. 
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VI. 

REPORT OF PROFESSOR 0. W. HALI. 



Frof. X H. ffijkJWI, SUiU QetOogUt: 

BiR :— The part; of the 0«ologicaI and Nnturol History Surrej of the State, 
detailed b; you to visit Lake Superior during the past summer, was ready 
for operationathe latter part of July. The objects of this expedition were 
to make collections of the fauna of the Northeastern part of the State, to 
make some additions to the collection from its flora made by Mr, Juni one 
year ago, and to make some obserrations on the rocks and minerals occur- 
ring along certain portions of the coast. 

In addition to the two persons composing the survey party, there were 
two others. Rev. C. M. Terry of Minneapolis, and Prof. O. Weitbrecht, of 
the St. Paul High School. The latter gentleman, teacher of natural iUslory 
in the institution with which he U connected, accompanied us for the pur- 
pose of making collectioDB of geological specimens, alcoliolic, dried, and 
various dissections for his classroom work, and for the museum, of which 
the St. Paul Board of Education is now laying the foundation. Both gentle- 
men rendered material aid in performing the various duties of our camp 
life, and for a considerable share of the time they saved the expense of one 

The constant interest manifested in our work in every way, and particu- 
larly by the part ttaey were ever seeking to bear, and the heartiness with 
wliich they entered into the spirit of our out-door life, rendered their 
presence a source of pleasure to us. 

We reaehed Duluth on the morning of July 26. There we made some 
purchases of supplies, liired a sail-boat for a r.onth or more, and made such 
«ther arrangements as were necessary for the character of our work dovm 
the coast. ' We there learned tliat the winds for some days had been strong 
up the coast, practically preventing all small sail and row boats from going- 
down the shore. This fact made us anxious to avoid, if possible, the prob- 
ability of a long and toilsome trip. To be transported to our place of desti- 
nation, wliich was Grand Marias, In the course of a few hours, thus passing 
over the intervening distance without a great waste of time in waiting for 
winds and waves, and to begin our work at once, sinc^ the season for col- 
lecting was already far advanced, were with us the chief desiderata. It was 
through the good offices of Dr. V. Smith, U. 8. Collector at Duluth, that we 
were enabled to realize our wishes. A steamer was to start at noon on her 
regular trip around the north shore of the lake. The master, when assured 
.of the character of the expedition, offered, so far as he consistently could, 
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to asiist hb on our way. We took passage for Prince Arthur's Landing, 
feeling that if the lake sbould become bo rough as to prevent our leaving 
the steamer before we had reached the shelter of the group of islands oil 
Pigeon Point, we should even then have saved more than half the distance 
to our point of destiLatlon. The steamer reached what was supposed to be 
tlie vicinity of Grand Marias at half-past 11 o'clock at night. As the vessel 
came to and lowered our boat with our camp equipment and ourselves to 
the water, a heavy swell was running, and every appearance indicated a 
southwest wind. Fortunately for us the threatened wind did not rise ; still 
we- had ample opportunity to become thoroughly tired rowing our heavily 
loaded boat. We reached the shore just as day was dawning, and found 
ourselves about one and one-half miles below Grand Harals. 

With Monday moming we entered upon our labors. The work of arrang- 
ing for our stay was slight, as the Messrs. Mayhe v placed at our disposal au 
-unused building, in which was a stove, the property of the survey, left 
there last fall at the close of the field work of that season. We pitched 
«ur tents on the shingle beach, obtained a stock of supplies, and settled 
-down to steady work. 

Mr. Roberts, a student of the University, who accompanied me to assist 
In making the collections, occupied himself almost exclusively with collect- 
ing plants and birds. Of the former here at Grand Harais as elsewhere 
-along the coast we found great numbers, but the range in species was rather 
narrow. Since the season for the majority of plants was past that of fiow- 
■ering, we did not collect so many specimens as wie might have done and 
should have desired to do earlier in the season. One point of eonalderable 
interest could not be Investigated, namely : how the flora of the lake basin 
proper is related to that of the interior drained by the numerous streams 
tliat come tumbling down over the escarpment of the boidering ridge of 
hills and emptying into the lake. The greatest distance towaids the inte- 
rior we reached was only eight or ten miles, and this in the valley of a single 
river, the Devil's Track ; consequently no generalizations could be drawn. 

The list collected by Hr. Juni and published in last year's report,* and to 
which the list and observations submitted herewith are mainly supplemen- 
tary, gives, with few exceptions, those plants found growing on the lake 
shore where the temperature averages several degrees lower during the 
growlngmontlis than it does inland, where the wind, cooled by the waters of 
the lake, does not reach. No great differences would be expected ; stil 
enough would probably be seen to make a distinction clear, with reference 
to the habits at least of a few species. It would perhaps be premature to 
designate any particular species which is found iu the one locality that Is 
debarred by climatic conditious from existing in the other; yetmanymight 
bo mentioned which, flourishing along the lake shore, present only scatter- 
ing representatives, if representatives have been found in the interior, so far 
m ihia latter territory hasbeeneiplored by any party of the survey at present 
being prosecuted. It is confidently expected that these parties will find as 
the/ push into the country to the north and west of Superior and explore the 
shores and marshes of the hundreds of smaller lakes as yet almost or quite 
unknown to the white man, many species row not known to, science. This 
Jt Iditional question ought also to be answered by the more complete results 

■ S«v«ntb AddosI Raport, IBTB, p. SS, et nq. 
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of our boUalcal labors: in what.pKrticulara does this lake flora diatlaguiab 
i tselt from that of the HUalssippi Tatley only so short a distance away T 

One in passing along the shore from Dalnth to the easternmost point of 
Northern Minnesota, may be led to suppose that there is a gradual but sure 
cliange in the flora of the shore ; that this cliange la noticeable in the species 
observed as well as In the size to which they attain. A moment's consider- 
atitfn, however, ought to dispel this wrong impression. In the flrst plaoe 
the difference in position is not enough to change materially the characters 
of the vegetable and animal life of this district. The extremity of Pigeon 
Point lies near Bd° 34' west and 48° 1' north, according to the Intematioual 
Boandary Survey charts. Duluth lies near S2° S' west, and 46° 47' north, 
according to the chart ("Lalce Superior No. 3") of the survey of the northern 
an«) northwestern lakes. These figures locate the former point about eighty- 
six miles further north and one hdudred and twenty-four miles further east 
than the latter. It requires a much greater distance than this, where dis- 
tance alone is considered, to produce any marked change either In the size 
or the character of species. What difierences there are between these two 
localities one hundred and fifty-one miles apart, must be accounted for on 
other grounds than distance inland or distance from the equator. 

Both points mentioned are situated on the same shore' of the same 
body of water ; this body of water Is so large and deep as to eiert an almost 
oceanic effect on the climate near its shores, such as imparting a certain 
moisture to the air and diminishing the liability to sudden changes in its 
temperature ; the temperature is tiirougb each season quite equable and 
very low, and the face of the country stretching Inland from Duluth and 
from I^geon Point is essentially the same, broken and hilly 

Again, during the progress of the geological explorations occasional trips 
inland were made, and some of the highest summits along the immediate 
vicinity of the lake were reached. Wherever the hills are covered with a 
fair depth of soil, whether it l>e owing to a drift deposit or a level plat from 
which the slowly formed soil material could not be washed by the heavy 
rains or the melting snows, they are heavily timbered. And it Is not alone 
in tite number of trees and shrubs ; rock maples, birches, tamaracks, pines, 
Ac, are found of enormous size. Carlton's Peak, whose summit lies nine 
hundred twenty-seven (927) feet above the lake level seems to be the only 
exception. This mountain, whose summit is a huge moss of nearly pure 
feldspas, bore a very stunted vegetation, — the pines, white birches and 
mountain ash were very small, but still about as large as one could expect 
even in a much warmer climate with no more soil for a foothold than this 
bare rock afforded. One hundred feet below the summit trees and sbmbs 
were as large and as vigorous as at the lake shore. Professor Agassiz with 
bis party ascended Mount Cambridge on 8t. Ignace Island in 1848, and from 
observations and collections made at that time he concludes, " that even a 
thousand feet will introduce very slight differences In the vegetation of 
these regions. For, though Mount Cambridge is about a thousand feet above 
the level of the lake, Its whole slope Is covered with the same vegetation 
which occurs at the very level of the lake."* ' 



L>k« Baptrlor : III Fbydul Cbsncter, Vegetstlou, stid AntoiBlE, etc. LodU Agstal 
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Tbis, then, seems to be the key to all the observable difierences: as we go 
northeaatwardlf, the coast becomes somewhat changed b; the action of 
those forces which have made it geologically what it Is, — a series of igneous 
dikes and overflows, and of various upheavals of the sedimenary strata. 

Towards Pigeon Point the soil becomes thinner, until there is no foothold 
for vegetation, except in the flssures of the rocks and in hollows filled with 
rock fragments and vegetable mold. 

This, then, seems to be the key to all the observable differences: this 
peculiar rock conformation has acted both directly and indirectly on the 
vegetation of the region. Wherever the protruding dikes and other abrupt 
masses of rock have ofiered no resistance to the denudation of the hillsides, 
bj the flooding streams which are always periodical over tracts so liable as ioi 
this to violent storms in summer, and heavy beds of snow in winter, erosiont ' 
and transportation have been constant. Ever since the early Silurian times,. 
when these beds were probably farmed, there baa been little or no deposit of 
soil upon them, resulting from the slow chemical changes in the rocks and 
tha physical disintegration accompanying and resulting from them. These 
chemical and physical changes, so unremittingly going on, furnish food 
material for the growing vegetation. And when the areas are vast the dif> 
fereuces resulting from different lithologiesl conditions are plainly apparent 
to one who studies the plants; but here in northeastern Minnesota they are 
insignificant. Tet vigor of growth depends on soil; when this cannot 
accumulate, trees must be of diminutive size, and the preponderance of 
vegetation must be shrubby and herbaceous, giving a general appearance o£ 
barrenness to the face of the country.* 

In last year's report allusion was made by the State Geologist to the agri- 
cultural resources of Northeastern Minnesota.t Further observations and 
inquiries by this expedition tend to confirm the views therein expressed so 
far as thej relate to the agricultural capabilities of that part of the State 
lying immediately along the lake shore. The soil on the hillsides sloping 
towards the lake appears for the most part to be thin, and the even contour 
of the surface leads to the belief that were the forests cut away the earth 
, would, in a few years, be carried down into the water by heavy showers, 
and thus leave a long and almost uninterrupted line of barren rocks from 
Duluth to Pigeon Point. But when the summits of this ridge skirting the 
lake are reached a beautiful country of gently rising hills, separat^ by 
spacious valleys, extends inland as far as the eye can reach. From the sum- 
mit of Carlton's Peak, one of the highest points in the northern part of the 
State, a landscape of surpassing beauty lies before the beholder. The valley 
of the Temperance river, a considerable stream which flows past the base 
of this mountain and shoots into the lake from a narrow and remarkable 
gorge.t can be traced as it winds among the hills from many miles inland. 

The mb>eet o( " The VegeUUoD of the Horlbem Sbons of Lake Superior " hag been M> 
ah\y and tboroagbl^ dlKDMed bj FniteiMT Agesslz In his InteDBel; inteieiUDS work. Zate 
Saptrior; lli Phyticat Character, YtgetaOen and Animait compared with Ouue of other and 
timUar Begioni—Botton: Oould, Kindatl It Lincoln, i860, that no forlher dlscnnlOD K 

tSereuth Anpnal Beport, IBT8, p. SB. 

(Owen'e OeoloeiceJ BnrvBT of Wleconein, Iowa * Minneiota, PhUa,, Llppencott, Qramho 
A Co., ISeS, pp. 87S end Sn. 
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and the range can be seen, which probably lies beyond this long and narrow 
lake, in which both the Temperance and the BruU are said to take their 
rise. From summits above Caribou Point, Terrace Point, and the mouth 
of the Devil's Track, as veil as from the highest peaks in the Grand Portage 
Indian Reservation, landscapes of almost equal beauty and attractiveness 

Throughout the whole distance visited wherever openings have been cut 
and any attempts at crop raising have been made, excellent success has been 
met with. At Beaver Bay encouraging accounts were given by Mr. Christian 
Wieland of experimeats made at that place in wheat-raising. From one- 
piece of five acres of newly cleared land sown to wheat 28 bushels, 26 bush- 
els and 23 bushels per acre was the yield for the first three years respectively; 
and the qualliy of the grain was eicellent Otlier localities where wheat 
has been more thoroughly tried have given even more fiattering results. The 
first premium at the State Fair in 1878 gave St. Louis county an enviable 
reputation among those lying in the winter wheat growing belt of the State. 
The successful exhibit, that of bfr. Jacob Zimmerman, showed a yield in 
1878 of G4 bushels of winter wheat per acre, weighing 62 pounds per bushel, 
and was grown in sec. 28, township SO, range 15.* 

The wooded and troken character of the country is often mentioned aa 
highly favorable to the development of a wheat- producing region, as the 
danger of loss from wind-storms is thereby materially lessened. The 
proximity of the lake would have a tendency to keep the temperature low 
during the season when the wheat berry is forming and ripening ; so it 
fieems hardly possible that such a discouraging blight as swept over the 
^southern part of the State in 1ST8 could ever afflict 8t. Louis and Lake 
counties. Oats and barley should by do means be omitted if one were to- 
moke out a list of those cereals whose successful cultivation here has been 
iplaced beyond a doubt. 

Two hundred bushels of potatoes per acre is called a small petd. More- 
4han this, the potatoes are of the finest quality. It is claimed in Duluth 
that in the Chicago market the deliciousness of the Lake Superior potatoes 
is appreciated so highly as to make them preferred above those from any 
other locality in the West or Northwest. 

But it seems after all as if this part of the State is to be a stock-raising 
rather than a cereal- producing territory. The peculiar character of the 
soil adapts it espedally to grass, and without the least apparent difficulty the 
wild species give way to the cultivated. From one and a half to two tons- 
per acre is the usual yield with scarcely any core, and there are many 
unusually fine meadows in the counties Just named. The hillsides, when 
cleared of the timber now covering them, will aHord unsurpassed pasturage, 
while countless springs and rivulets and larger streams will give a never- 
failing supply of the purest water, — a condition that must never be over- 
looked in locating a stock or dairy farm Convenience to market is another 
advantage which is here possessed. Cheap transportation by way of the 
lakes to the great centers of the wholesale trade of the country can be relied 
on for seven or eight months of the year, and the provident farmer will 
make his sales to fit the season of prevailing high prices. Hay, live stock, 

■FromaPamphlelliBDedbf thaSI, Psol&DalathK. R. Co., St. Paul, Minn.,p.Ig. 
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beef, butter, and all farm products can be transported to Cbicago and New 
York as well as can wheat and oats and barlej. 

Along the hillsides sloping towards the lake, as well as along those lying 
further inland, there are many scattering pines. OccasiOnsltj a section is 
thicklf studded with them. Their scattered occurrence renders these trees 
practically inaccessible, for the dense forests are impassable before much 
time has been taken to cut out a trail through the underbrush and the ter- 
rible windfalls. Only where many logs can be hauled over a single road can 
this expense be afforded ; hence there are but few places along the shore 
Where any attempts have been made to procure lumber, and those notably 
in the Ticinity of Beaver Bay, and by the Wieland Brothers of that place. 
These gentlemen have constructed a mill which cuts annually a respectable 
quantity of timber. They employ about them mostly Indian help, thus set- 
tling, so far as their own locality is concerned, the much vexed Indian 
question. Several parties of pine explorers were met during the season who 
■were searching for pine lands up the rivers along the shore. Every available 
section l)earlng pine in any quantity was selected. These explorations 
were made chiefly, it is believed, in the interests of Michigan dealers.* 
Private advices from Duluth state also that parties from tliat place are 
diligently exploring the whole valley of the Hi. Louis and its tributaries, 
and every available section that can be found is taken up, so that in a very 
short time there will be scarcely an acre of pine land on the market in 
northeastern Minnesota. Sections containing the scattering trees have no 
-value as "pine lands." It Is well known that the trees that stand isolated 
when of a size suitable for lumber are hollow, or so decayed at the heart 
that no good logs can be cut from them until the branches are nearly 
reached. 

But more attention was paid to the collection of xoologic&l than of botan- 
ical specimens. Mr. Roberts collected one hundred and twenty-five skins 
of birds,t which are now deposited in the University for study and Identi- 
fication of the species, illustration of varietal characters and for class-room 
demonstration. In addition to these skins a number of specimens were 
dissected out and prepared for future use. These specimens consisted of 
visceral parts, sterna, &c. A full list will And place in the catalogue of the 
general museum. A number of the sterna from the birds above mentioned 
have been mounted on pedestals by Mr. Herrlck, and they will prove to be a 
very useful adjunct in studying the form characteristics of those birds from 
which they were taken, and for illustrating comparative anatomy. 

The following are the sterna mentioned; the numbers correspond to the 
original number of the skins in Mr. Robert's collection, and those without 
numbers have been added to the list from Mr. Herrick's private collection : 

27. Carolina Rail Porzma earoUna. 

40. Wild Pigeon BcopUtet nUgraiOTiut, 

46. HerringOuU Laru* argejUatv*. 

4S. ligeon Hawk Falco cohimbarm*. 

49. Black-billed Cnckoo Coccygu* erythropkthcUmut. 

* Borne of tbe«« "eiploiers" were em ployed by Bngcllsli caplttllstg, the pine bdnglnteoded 
for eiporlstloD at Qaebec.— N. H. W. 

1A fnll Hat of theH skiDa witb the collsctOT'e notes liave been placed in the bands of tb« 
Slate Omithologlil tor pabliotion. 



i^byGOOglC 



1^ EIGHTH ANNtTAL BEPORT. 

74, Red-winged Blackbird Aegdieui ■^loenieeut. 

78. Bparrow Havk Faiee §parv»rivt (2 spec's). 

80. Ring-billed Gull Laru* d^anaren^. 

81. Broad- winged Hawk BuUo pinntyiBaiuieut. 

94, Baiiy Woodpecker Picut viUiotut. 

86. Qreat Homed Owl Bvbo virginianta. 

103. Hall&rdDuck AnatboieAat. 

122. Nortbera Phalerope Lobiptt hyperbormu. 

124. Oolden-wioged Woodpecker Col(tpU» auratiit. 

126. Spotted Sandpiper TringoiO^ maeulantu. 

128. Niglit Hawk OMrdtS^ popOut. 

127. Crow .' G^ttM amtrieanu*. 

Chimney Swallow OA/etura pelagiea. 

Red-headed Woodpecker Mdanerpet erythretepKaiaa. 

Night Hawk ChordeiUt popelw. 

Kingbird 2's/rann'u$ earoUnentii. 

Flicker Coiapte* auriUui. 

American Bittern Botaura* leniiginotvs. 

Great Homed Owl Bvbo vtrgimanvM, 

Marsh Harrier Cireui q/ansat. 

Brown Thrush HarporhyneKut rt^tu. 

Spotted Sandpiper Tringoidtt maeulariut. 

We hope to make constant additions to this nucleus of exceedingly inter- 
esting specimens, and in time to Itave a complete set from the birds of Min- 
nesota. A hearty invitation is hereby extended to all who are collecting io. 
this attractive field of ornithology to aid the General Museum in this direc- 
tion. There is no place where that branch of anatomy can be studied with, 
more interest and profit which discloses to us the pdncfples of animal 
machanism and of animal locomotion. 

The collections of insects made during the season were considerable, bat 
with few exceptions they have not yet been fully identified and made ready 
for the museum. The endeavor will be made during the coming season to 
arrange all that are of value to us in a manner suitable for use and eihi~ 
bltlon. 

Of the fishes of this region a fair supply was obtained. Many of the rarer 
species and those less valued as food fishes were not taken, since no special 
efforts were made to extend the collection to include what might be con- 
sidered a series of those species living in the waters of the northern part 
of the State. 

Some very One specimens of the brook-trout, S^mo fonUnalit, were- 
obtained from the numerous streams of the region visited. The largest one- 
brought home, a magnificent trout caught with a hook by Bev. C, M. Terry 
from the Devil's Track, and presented to the collection, measured over 
twenty-one Inches in length, and must have weighed nearly five pounds. 
One larger brook-trout was seen during the trip. One morning an Indian 
brought one to our camp at Grand Marais which was over twenty-four 
inches long and weighed five and three-quarters pounds. It was caught in a, 
gill net in the lake Just off the rocky entrance to the harbor. As we had no 
jar in the museum la^'e enough to hold a fish of this size, we regretted the 
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necessitj that compelled us to make our breakfast that morning on brook 

And right here It is appropriate to saj that if this survey have economic 
importance to the people of the State, It should be the effort of those 
«agaged in Its work to urge the preservation of what uature hag given us 
io the shape of game, flah, foresta, and acoDer}-, as well as to point out the 
places where precious metals may be found, where fuel lies deposited, or 
where the finest building stones may be quarried. 

The brook-trout is an object of wanton deatruction in northeastern Minne- 
sota. This beautiful and universally admired species inhabits, in great 
.numbers, the many small rivers flowing into Superior. These streams, in 
"fact, have become one of the moat famous fishing grounds on the continent. 
TThat they may continue so, they must be protected. Those within the 
State of Minnesota are visited annually by large numbers of amateur fisher- 
men, who go in parties, and thus make most enjoyable vacation excursions. 
A boatman and a cook are engaged at Duluth or some other accessible point, 
who load into a sail-boat a store of provisions and other essentials to com- 
-fort and pleasure, and then take the excursionists to the best trout streams 
around the lake. One stream after another is visited. A camp is pitched 
beside each where it empties into the lake. Then, for several days, per- 
~haps a week, the river banks are lined with the creeping, stealthy forms of 
the fishermen, throwing every temptation the ingenuity of man can devise 
"before the eyes of the wary trout. By diligently and patiently continuing 
*t their posts through every hour from daylight until evening, it ia aurpris- 
ing if any fish are spared in the stream. Bo far as the trout are caught and 
saved for food within the legal fishing season, it is not proposed here to find 
-fault with the fishermen. The trout is one of those species of flsh that breed 
during the autumn and early winter ; so during the latter summer and the 
autumn montha vast numbers are ascending the streams preparatory to 
selecting a suitable spot for a spawning ground. At this season the fish 
should be protected, that as large a number of eggs as possible may be 
.deposited. But to catch trout at any season of the year solely for the fun of 
the fishing ia an Inhuman and wasteful sport that the State should forbid 
And punish for what It is — an offense against humanity, public morality, 
Jind the tuture well being of the commonwealth. No milder expression for 
stating the case can well be used, when a party of anglers fish a stream until 
«very trout that can be captured by all the devices of modem skill and 
experience, has been brought to land, and then, after the day's catch has 
been counted, carelessly thrown away wh«re its decay will infect the air or 
poison the -water and thus prevent its being inhabited by others. Specific 
«ases of this character can be mentioned where the waters of streams have 
been so poisoned in this manner that no fish have lived in them for two or 
three years. It is a vety common thing for parties to fish out a stream and 
select only the very largest specimens for eating and salting, throwing all 
the rest, probably three-fourths of their whole number, back into the river. 
Such treatment of the fishing grounds causes much indignation among the 
people living in the northern part of the State, and who have a lively interest 
in the preservation of their fish and game. It is true we have game laws, 
hut it is a very difficult thing to have them enforced so that all would bold 
a proper respect for them. 
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One Other nuitter is worth briDging Again to the attention of the people 
of this State. 

Last jear the State Geologist made protest* against the wholesale destruc- 
tion of timber in the northeastern part of this State and across the boundary 
in Canada. A lawless set of " explorers," who own nothing and feel no 
responsibility, have within the past few years, destroyed more timber and 
burned down to the rock more of what could be made fine grazing land than 
probably all the gold and silver they will ever find can pay for. This fre- 
quent destruction, for it occurs every year of late, has been chiefly wanton, 
only occasionally are the fires the result of accident. Very often when aa 
"explorer" finds a vein ot quartz or calcite with a sprinkling of galenite or 
blende, crossing one of the river gorges so common in that part of the State, 
he takes, its direction and coolly proceeds to set fires along its course, that 
when the leaves and soil are burned off he may examine it in various places- 
across the country, and, if there be a trace of any metal, proceed to mark 
out mining locations. The land is not his: the agent or the owner is a. 
hundred or more miles away and can know nothing of the crime ; while the- 
party committing it has a possible chance of becoming rich from the frac- 
tional ownership in the spot which he receives from the speculator who 
furnishes him with his outfit. The northeastern part of Minnesota, together 
with, the contiguous paart of Canada, may develop into one of our finest 
mining regions, — in fact there are many geological Indications of its exceed- 
ing richness in minerals, but the writer has no idea that its product fronv 
this source will ever approach the capability of this area considered as a. 
well developed agricultural and grazing region. 

Mining operations cannot be carried on successfully in this region for 
many years to come. The country is still a primeval wilderness. There- 
are no inhabitants beyond the borders of the lake. There are no means of 
communication from one point to another, except by rough narrow tr^Is. 
and by canoes. The mining locations thus far taken possession of wilt 
average from thirty-five to forty-five miles from the lake shore. Mining^ 
supplies and provisions for the interior must be taken to the place of opera- 
tions by troops of Indian packers, each one of whom takes a package of 
about one hundred pounds weight, which he transports in a canoe along the- 
navigable water-courses and carries on his back suspended by a strap acroec 
his head whenever he leaves his canoe. In the winter season trains of dogs 
are brought into requisition, and these poor abused creatures would, if they 
only could, pray for death every hour of the day as a relief from their sur- 
feit of starvation and the heartless cruelty of their treatment. Such is the- 
usual mode of transportation ; but where a settled business is established 
other and more civilized methods are adopted, — usually on the plan of each 
male member of the settlement doing a share of the work proportionate lO' 
his strength. The Hayhew brothers of Grand Mai ais each winter as soon 
as snow falls fit up their train consisting of a dog, a billy goat and a bull. 

During the past season a road has been cut through the forest, along the- 
shore of the lake from Dulutb to Grand Marais. This road is a very primi- 
tive affair: the trees along its course have been cut down to the roots, old 
logs have been removed, knolls cut away and the streams spanned witk 

*AnnaaI Seport ror ths year 1878, p, U. 
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corduroy bridges ; in short, a broad trait has been opened chleflj for tho 
dog trains that cany the Canadian mails during the period when navigation 
from Prince Arthur's Landing to Duluth is closed by the ice. This govern- 
ment trail will, no doubt, eventually develop into a substantial highway, as 
soon as there Is a demand for its more thorough construction and constant 
repair. But the lake will always be used as the cheapest and readiest means 
of transit during those months of the year when navigBtion is open, and it 
will more and more be brought into use as the increasing demands of this 
Urge contiguous territory make more regular and frequent the trips of the 
various lines of boats and packets. 

Another step looking towards the development of this lake Superior por- 
tion of the State, has been taken. It has long been deplored by those fami- 
liar with the northwest shore of the lake that there was tliroughout its 
whole distance, from Pigeon Point to Duluth, no shelter where the larger 
boats could find refuge from storms. The whole extent of this coast line is 
rocky: it has but two or three natural harbors, and is exceedingly liable to 
storms and heavy winds, especially in the autumn. An appropriation was 
' made by the present Congress, at its first session, of ten thousand dollars, 
for dredging and otherwise improving Grand Marals harbor. This harbor 
is'one of the most beautiful spots to be seen anywhere around the great 
lakes. The bay is nearly circular, about two miles in circumference, and 
entirely inclosed from the lake, excepting a natural entrance, about one 
thousand feet wide. The inner shore of the bay is composed of the charac- 
teristic brown shingle of the north shore, while along its front a wall of 
solid rock separates the inclosed water from the lake. The natural depth of 
the water reaches from fifteen to seventeen feet, but the area over which 
this depth is reached is not large enough to admit the handling of large 
vessels within the bay. The improvements of Grand Marals harbor have 
been begun under a United States engineer. Major Allen, of Bt. Paul, who 
will make it ready to meet the necessities of the navigation of this part of 
lake Superior, Just as fast as the U. S. government will appropriate money 
for carrying on the work. 

The foregoing remarks have been written in the endeavor to point out the 
present and immediately prospective condition of the mining and other 
industries in this part of the State, and to show the absolute lack, so far as 
the needs of the mining interests are concerned, of the shadow of an excuse 
for the wholesale destruction of forests which there annually occurs. 

The suggestion of the State Geologist, expressed last year, is most heartily 
seconded that some action be taken, either in concert with the Canadian 
authorities or by this State alone, towards repressing this destruction. If 
no other way be sufficient. It would well pay to employ officers to ferret out 
violations of law and to bring offenders to punishment. 

So far as the geological and mineraloglcal work is concerned there Is but 
little to report at this time. The observations made were limited, for the 
most part, to a strip of coast lying between the month of Poplar River and 
that of the Devil's Track. This section is about twenty-five miles long. It 
is, like all the rest of the distance from Duluth to Pigeon Point, rocky and 
often precipitous. The rock strata, almost entirely dark-colored basic, 
and of igneous origin, belong evidently to the so-called cupriferous series of 
the Lake Superior system ; the only exceptions so far as noticed were. 
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accoTding to present recollectloo, an outcrop of quartzTtlc conglomente 
below Poplar Biver, a bed of sandstone varying not far from one hundred 
feet in thickness, sandwiched in between two beds of the igneous roclc at 
Good Harbor Bay, and several outcrops of shale in the neighborhood of 
Qrand Marats. This latter rock, even when not in sight along the shots, 
discloses its presence under the water or underneath the drift or lacustriue 
deposits above the beach by the shingle beaches it makes. Its color is a 
prevailing reddish brown, and it Is very generally highly fractured ; indeed, 
in the vicinity of the dikes, which frequently break through it, the beds are 
literally shivered into fine fragments. 

These pieces are easily broken away by the combined action of the frost 
and waves, and the ceaseless movement of the water wears them to a smooth 
and uniformly flattened form, induced by the distances between the jointed 
surfaces. The hardness of the rock is very uniform, consequently the 
"shingle" is composed of pebbles oCconstant size and very regular outlines. 

So far as can be judged from three or four thin sections, hastily examined, 
the igneous rock is a diabase. Essentially the same rock is found below . 
Duluth, and the microscopical characters show but little variation through- 
out the whole coast-line wherever this modiflcation appears — no more than 
would naturally be expected, perhaps, in extending the observations of a 
single series over so large an extent of territory as the northern border of 
this Lake Superior basin comprises. 

A section of the rock at Good Harbor bay showf a triclinic feldspar and 
augite as the two most abundant constituents, together with some granules 
of ferric oxide and magnetic iron. In the freshest parts the bed shows no 
extended decomposition. The feldspar seems to have been developed Srst, 
since it shows long, slender crystals lying in all directions through the rock. 
For the most part the crystals are so small that they show only two lamells, 
thus reminding one of Carlsbad twins so clearly shown in some orthoclase 
or monoclinic crystals of feldspar. There are, however, many larger por- 
phyritic crystals of feldspar which show undoubted triclinic striations, and 
contain numerous inclusions, — rectangular, spherical, and of every imagin- . 
able' -form and appearance. The augite is granular for the most part, 
though there are some clearly defined crystal outlines. On the whc'le, it 
seems to fill the interstices between the feldspar crystals wherever there is 
space to occupy, yielding but very little to the other constituent and the 
various accessory minerals. Toward the top of the beds decomposition has 
greatly changed the outward appearance, and has produced a corresponding 
change in the mineral constitution of the rock. Resulting from the decom- 
position and disintegration of these primary constituents are many secondair 
products of various chemical constitution and physical characters. The two 
most commonly occurring secondary minerals in diabasic rocks are ferric 
oxide and chlorite, or some green mineral of substantially the same general 
properties. In this particular locality the minerals resulting from this 
decomposition are unique and interesting. The most interesting one, per- 
haps, to the mineralogist, is the Thomsonite,* with Lintonite as a modifica- 
tion ;. but it is a modification possessing such marked characters that, in the 
opinion of Professor C. N. Shepard, as expressed in a private letter to Pro- 

0, scUcls LiDtnalte mud 
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' IFMsor Peokham, it will bold its place as a distinct species. These minerals 
^o not occur in evory part of these diabasic beds, but only in those parts 
that seem to be the upper and porous layers of the overflow. Their habitus 
Is quite nnmistakably amygdaloidal, and in size they reach as high as three 
inches in diameter. 

In addition to the observations, here only outlined, which were made along 
the shore, trips were also made to the summits of several of the series of 
•elevations composing the Bawteeth Mountains, a range extending from 
'Carlton's Peak down the coast to the Devil's Track and beyond. 

These elevations are formed by the combined result of igneous action, 
foldings of the sedimentary strata and erosion. The beds have a general 
-southerly dip. As tbey rise from the lake at an angle varying from eight to 
twelve degrees, they reach a height of 600 or 800 feet and even more at a 
«hort distance from the shore, since the latter's course is southwest and 
northeast. On reaching the above mentioned height the summits break off 
In perpendicular precipices, one hundred or two hundred feet in height, 
tanked up at the bottom with huge taluses of broken fragments of the 
fallen rock. Invariably at the foot of such a precipice there runs a stream 
generally of considerable size, which discloses in the outcrops along its bed 
the general character of the lower layers of the rock. The rock which forma 
these summits seems to be substantially the same as the shore line diabase, 
.Ac. ; and, indeed, in some places the continuous bedding can be traced, with 
but little interruption, from the summit almost to the shore ; this Is the case 
«t Black Point, where a stream called Indian Camp river, courses along 
under the talus of Black Point Mountain, and finds its way down to the lake 
«ver a continuously rocky bed until it reaches almost the water's level. The 
Tock'at the top of this peak is highly porphyritic, and also carries many 
thomsonites. In the bed of the stream just named, near one hundred and 
:flfty feet below the summit, the rock is very compact and carries but few 
thomsonites and occasional feldspar crystals. These latter attain a length 
of two inches or more and are filled with inclusions that impart a peculiar 
greenish tinge to their color. 

It has already been stated that the rock constituting the snmmit of Carl- 
ton's Peak la a nearly pure feldspar. This rock is very coarsely granular, 
— the grains often showing a cleavage surface of half an inch or more 
across. Without being more definite it can be stated the feldspar is a vari- 
«ty of the triclinic group. The summits of other peaks consist of a por- 
phyry of which, in many hand specimens at least, seventy per cent, of the 
mass is composed of large crystals of triclinic feldspar; while the rock 
along the shore is fine in texture and presents only occasional crystals of 
this mineral. 

So the question very naturally arises in the mind of the observer, — Are not 
these three types mere steps in the modification of one and the same rock 
apecles r And he will at once set to work to trace out the probabilities and 
the possibilities in the c^se. Indeed, so long as the continuity of the 
bedding cannot easily be followed from the fresh massive rock at Good 
Harbor bay to the typical feldspar of Carlton's Peak, many facts seem to 
favor the acceptance of the theory that a sufficient change has been effected 
through the slow action of those chemical and physical forces ever accom- 
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plisbing metamorphiam to bring mbout all the differeaces to be seen in thft 
specimens collected consecutiTelj betveen these two extreme points. 

Yet there are some objections to swallowing this theory wholly without 
mastication. The first one is suggested by the lithological structure of 
Carlton's Peak^tsuU;* another may occur to one wliile observing the huge- 
blocks of feldspar imbedded in what Dr. Norwood calls basalt, t at several 
places along the shore below the mouth of Split Rock river ; still another- 
objection is suspected to lie in the composition and nature of the feldspar- 
itself . Only a careful stud; in the field and in the laboratory will settle the- 
question. 

The list of plants herewith reported comprisessU those which were founiX 
and of which specimens were secured. There are upwards of one hundred. 
additional to those reported by Hr. Juni, last year. Some of .them seem to 
be the same as are contained in that collection, but under another name. It. 
was thought best, therefore, to include all in this list and leave all correc- 
tions to the expert who shall hereafter, from tlte plants on hand, make it. 
corrected list for final pubHcation. 



PLANTS OP THE NORTH SHORE OF LAKE SUPERIOR, 
MINNESOTA. 

COLLECTED BT THOB. 8. BOBEUTS. 



The area embraced by thefollowing list is a narrow strip of country along 
the north shore of Lake Superior from Duluth to the mouth of the Devil'* 
Track River, forming the greater part of the lake front of St, Louis and 
Lake counties, Minn, The period of observation was from July 2S until 
Sept 2, 1879. 

The botany of the same region was reported upon by Mr. B. JunI, in the 
report for 1B78; but as considerable new matter was obtained the past 
summer it has been thought tiest to present the full list of the species iden- 
tified the present season with brief notes on their occurrence. 

In the introduction to the report on Ornithology will be found a short 
description of the general character of the country worked over, so that it 
b not necessary to repeat it here. The vicinity of Duluth was examined 
very little, or no doubt many other introduced and marsh plants would have 
been found. As the party landed only here and there along the shore, and 
with the esceptlon of two or three places but for a brief stay, it is not 
possible to give the general distribution of but a few species, arid those the 
most noticeable ones. In other cases the locality where the species wa» 
found and its abundance there is all that can be given with any degree of 
certainty. 

iTej of WlKoneln, Iowa and MlDnente, Norwood's Beport, 
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The Bpecies marked witb an asteriak (*) are in addition to Ur. Juni'v 
list. 

Randkcui^cb*. Crowfoot Family. 

1, Clematis VirginiaD a, i.. Common Virgin's Bower.— Occasional. Bum- 
mit of Black Point Mountain and at Beaver Bay. In fruit Aug. 24, 

2. Thalictrum Cornuli, L. Tall Meadow- Eue,— Common. 

*3. Ranunculus abortlrua, L. Small-ftowered C, — Black Point, Fruit 
Aug, 24. 

4. Ranunculus Pennsylvanlcus, L. Bristly C— Commoa overywtiere. 

5. Caltba palustria, L. Marsh Marigold.— Common. 

•6. Coptia trifolia, 8oliUi>. Three-leaved Goldthread.— Abundant, espe- 
cially along Devil's Track River. In fruit Aug. 19. 

T. AquUegia CanadensiB, L, Wild Columbiue. — Grand Marais. 

8. Actaea spicata, L., var. rubra, Miehx. Red Baneberry. — Common. 

*9. Actaea alba. BigA. White Baneberry. — Common. This and the- 
preceding fruiting in August. 

Ntmphaka,ce,s, Water-Lily Family. 

10, Nuphar advena, A^. Common Yellow Pond- lily, —Common in suit- 
able places as in the pond at Grand Marais. 

*11. Nuphar luteum, SfnUh, var pumilum. Small Yellow Pond-lily. — 
Found quite commoa and in bloom In Dulutb Harbor July, ISTT, 

FuMABiACEJC. Fumitory Family. 

13, Corydalis glauca, Purth. Pale Corydalia — Common and in full bloom, 
Aug. 25, on the nearly bald summit of Carlton Peak. — Grand Marais. 

14. Corydalis aurea, WUld. Golden Coiydalis.— Duluth, July, 1877. 

Crucifers. Mustard Family. 

•16. Capsella Bursa- paatoris, Moeneh. Shepherd's Purse.- Abundant. 

Vioi-ACE^. Violet Family. 

*16. Viola rotundtfoUa, Michte. Round-leaved Violet. A violet, appa- 
rently this species, bearing bo late in the season only cleistogamic fiowers- 
aud fruit was common in the forest. 

Drobeiracba. Sundew Family. 



Hypbbicagb,^. St. John's- wort Family, 

•18. Hypericum mutilum, L. 8t, John's- wort,— Common near Htnsrt 
river, where it closely approaches var, GfymnonfAum. Beaver Bay. 

019. Elodes Virginica, Jfutt. Marsh St. John's- wort. Common j In fruit 
latter part of Aug, in marshes at Dulutb and near Stewart river. 
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Cabtophtllacejs. Pink Pamfl;. 
'Bstium viacosum, L. Larger AIouHe-ear Chlckweed. — Bearer 
iluth ; common. Ig apparently this species and not nutoTW, Raf. 
chnlB Githago, Lam. Corn Cockle.— Duluth. 

QSRAUIACE^. Geranium Family. 

inlum Caroliuianum, L. Carolina Gran esblll.— Little Marals. 
Miens fulTa, JTutt. Spotted To ucb-me-not.— Common every- 
. Beaver Bay a apotlesa variety, with less reflected spur, waa com- 
'ew intermingled with the ordinary form, without showing any 
ergradation. 

alls Acetosella, L. Common Wood-eorre). — Common in the deep 
swamps. In this species each petal has a yellow spot at the base 

alls stricta, L. Yellow wood-sotrel.— Common at Beaver Bay. 

A1IACAIIDU.CKA. Cashew Family, 

a Toxicodendron, L. Poison Ivy,— Minnesota Point; common. 

Saptodack.*. Soapbeny Family. 

r splcatum, I/im.. Mountain Maple— Abundant all through the 
in fruit in August. 

• saccharinum, Wang. Sugar Maple. — " Sugar bushes " are 
nd a large amount of maple sugar is made by tlie Indians. 

Lkouvihoba. Pulse Family. 

Ifolium pretense, L. Bed Clover. — About towns. Conunon at 
' and Duluth; scarce at Grand Marals. 
Ifolium repens, L. Wliite Clover. — Common. 
lyrus maritimus, Bigdmn. Beach Pea.— In addition to the three 
iven by Mr. Juni this peaalao occurs commonly at Beaver Bay and 
ch ; and doubtless at numerous other points along the shore, 
localities Juat mentioned it waa in bloom sparingly in the latter 
pist, while a few plants were in fruit at Poplar lUver Aug. 3. It 
em to be very faithful. 

BoBAGSA, Boae Family. 

lus Pennsylvanlca, L. Wild Red Cherry, — Fruit ripe in latter 

tea opulifolia, L. Nine-Bark, — Common on the rocks all along 
where it was covered with bloom and fruit In the latter part of 

tea salicifolia, £. Meadow Sweet. — Common on the "peninsula" 

um macrophyllum, ITtUd, Avens. — Abundant. 

m strlctum, Ait. Avens. Grand Marals ; in fruit July 31. 

mtilla Norvegica, L. Clnque-foil. — Common. 
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36. Fotentillft fruticou, L. Shrubby Clnque-f oil. Abundant. Growing^ 
eveiywhere on the damp, mosa-coTered rockg, where not washed bj the 
waves, and In fall bloom during the earlf part of August. 

39. Fotentillaltrldentata, AU. Three-toothed Cinque-foU. JBreiywhere 
common on the rocks and on Minnesota Point. la the last localitf it growa 
in the diy, loose sand. 

•40. Potentilla palostiia, Smp. Marsh Cinque- rofl.-~-Graad Marais ;. 



41. Pragaria yeaea, L. Wild Strawberry.— Devil's Track Blver. 

42. Rubus Nulkanus, Modno. Whlle-Flowerini; Baspberry,— -Abundant 
eveiTwhere, but especially along old trails and about cleartnga. Ripening 
fruit Snt week in August. 

43. Rubus tridorus, BiehardKm. Dwarf Raspberry, — Common. 

44. RubuB strigosus, Midise. Common Wild Raspberry. — Abtindant and 
wonderfully prolific. The fruit this year principally during the latter part, 
of August. 

45. Rosa lucida, Ehrhart. Dwarf Wild-Rose. Common on sandy soil. 

48. I^rufl Americana, DC. American Mountain Ash. — A common tree» 
attaining considerable size. Profesaor Wincbell collected specimeas where 
the trunk was at least 12 inches in diameter, and perfectly souad. Others^ 
though unsound, were 15 aud 16 laches. 

47. Amelaachler Canadensis var. oblongifolia. June Berry. — A small 
tree found at Devil's Track River Aug. 21, with few mostly unripe berries 
could be referred only here. It seemed very late in the season for the fruit, 
of this species to be still unripe. 

SAXIF1U0ACB.S, Bajdfrage Family. 

44B, Ribes rotundlfolium, Miefa. Gooseberry. — Grand Uaraia. In fruit- 
second week in August. 

49. Ribes lacustre, Potr. — Gooseberry. Grand Marais. In fruit Aug. 12. 
60. Ribes piostratum, L'Btr. Fetid Currant. " Skunk-Berry-" — Every- 

where common. 

El. Kbes rubrum, £. Bed Ounaut. — Found sparingly at Black Foiat^ 
with ripe fruit Aug. 24. 

*52. Hitella nuda, L. Bishop's Cap. — Common at Grand Marais, and 
doubtless elsewhere. 

OlTAaRACS^. Evening Primrose Family. 

53. Circ«a alplna, L, Enchanter's Night-shade. — Abundant every- 

54. Bpilobium angustlfolium, L. Great Willow-herb. — Common, espec- 
ially on burnt areas. 

55. Epilobium palustre, £., var. lineftre. Willow-herb.— Common in a. 
marsh near Stewart River. 

56. Epilobium coloratum, MvJd. Willow herb.— Common. 
GT. <Enothera biennis, L. Evening Primrose. — Common. 

UKBKLUFBaa. Parsley Family. 

S6, Heracleum lanatum, JfiCc&r. Cow-Parsnip.— Common. 
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69. Cicuta bulbitera, Z. Water-Hemlock.— Con: 
"pond near Stewart River. 

*60. Sium lineire, Jficft*. Water Parsnip.— Cor 
-near Stewart River. 

81. Sium Carsoni, DuranA, ined. Water Parsnip.- 
3'eferred to this species. 

Araliacbje. Ginseng Familj 

62. Aralia hispida, Miehx. Bristly Saraaparilla. 

63. Aralia nudicauUs, L. Wild Sarsaparllla.— Woi 

lag middle of August. 

CoRNACELs. Dogwood Family 

64. Comus Canadensis, L. Dwarf Cornel.— Abuo 
fruit and flower first week of August. Some blossoi: 
with age. 

65. Comus circinata, L'Bm: Bound-leaved Cot 
Aug. 25. In fruit. 

66 Corous stolonifera, Mida. Red-osier Dogn 
Abundant. 

CArRiFOLiACE.s. Honeysuckle Pan 

67. Linatea borealis, Ortmor. Twin-flower. — This 
Dwarf Cornel and the Clintonia are tlie most common 
found in the moss-carpeted forest. Out of blossom fo 

68. Loaicera hirauta, Baton. Hairy Honeysuckle 
Track Kver; green fruit Aug. 21. 

69. Dierrilla triflda, Mwneh. Bush Honeysuckle.— 

70. SambucuB pubens, Miehx. Bed-berried Blder. 
in the early part of August. 

71. Viburnum Opulus, L. High-bush Cranberry,- 

RuBiACBA. Madder Family. 

72. Galium asprellum, Midvs. Rough Bedstraw.- 
-Aug. 21. 

*73. Galium triSdum, L. Small Bedstraw.— Grand 



74. Galium triflorum, L. Sweet-scented Bedstraw.- 
;and fruit at Grand Marais, Aug. 20. 

C0UP0StT.s. Composite Family. 

7fi. Eupatorium purpureum, L. Je-Pje Weed.— 
Track Lake. 

*76. Aster macrophyilum, L. Aster. — Abundant t 
elsewhere ; coming into bloom the flrat week of Augut 

77. Aster sagittifolius, WiUd. — Very common, and 
latter part of August. 
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*78. Aster mUer, L., Ait. — Common. 

• 79. AsWr eimplei, WilW.— ThU or a. closely allied ipecles grew in 
abundaace ou a piece of low ground near Stewart Blver, forming dense, 
xank clumps, in full bloom Aug. 31. 

80. A«ter puniceusus, Z.— Quite frequent. 

81. Aster ptarmicoldea, Tmr. * Or.— Very commoa all along the shore, 
.powiag in tbe clefts of tlie rocks. In full bloom the latter part of July. 

•82. Erigeron Caaadensii, L. Horse- weed. —Grand Maraia. 

•83. DiplopappuB umbellatus, Torr. <f Or. Double- bristled Aater.— 
Abundant; Just coming in bloom Aug. 11. 

84. Soildago bicolor Tar. concolor. Golden-Rod. — Common everywhere 
•on rocks. 

*6G. Soildago latifolla, X.— Beaver Bay ; common. 

•38. Solidago stricta, Ait. — Orand Harais ; common on wet ground. 

•87. Soildago arguta, Ait. — Common. 

•88. Solidago memoralis, Ait. — Minnesota Point; rather common. 

•89. Bolidago gigantea. Ait. — Beaver Bay and Duluth ; common. 

90. Hellopsis Iffivis, Fen. Ox-eye, Orand Harais and elsewhere. 

•91. Heliantbus giganteue, L. Wild Sun- flower.— Frequent along Beaver 
Bay Cr«ek. 

•92. Bidens frondosa, L. Common Beggar- ticks. —Dulutb ; common. 

•93. Bidens cemua, L. Small Bur-Harlgold. — Common in a marsli 
near Stewart River. 

•94. Haruta Cotula, DC. May-weed.— Duluth. 

9S. Achillea Millefolium, L. Common Yarrow.— Abundant. Tbe rose 
colored variety occnra sparingly, abowing all gtiades of color from white to 
4t quite deep pink. 

•96. Artemesia biennis, WOd. Biennial Wormwood.— Dulutb. 

•97. Antennaila margaritacea, R. Broitn. Pearly BveTlaatlDg.— Beaver 
Bay: common. 

•98. Cinlum undulatum, Sprvng, Thistle.— In a grass field at Grand 
Harais. Bidd to have made its appearance the year previous, 

99. Hleraclum Canadense, Miekx. Canada Hawkweed. — Abundant; 
1)looming first week in August. 

•100. Hleracium acabra, Michx. Bough Hawkweed.— Beaver Bay ; fre- 
quent. 

101. Ifabalus albus, Book. White Lettuce.— Or«nd Harais. 

•102. Taraxacum Dens-leonia, DM. Common Dandelion. Beaver Bay 
and Duluth. 

•103. Mulgedium leucophsiun, DO. FalworBlueLettuce.— Occasional. 

•104. Sonchus aaper, FiU. Sow-Tbiatle.— Orand Harais, Beaver Bay. 

LoBKLUCXs. Iiobelia Family. 

106. Iioblla Kalmll, L. Ealm's Lobella.^Srowlng quite commonly in 
little tufts In tbe clefts of the rocks along the shore. 

Cahpuiulacxa. Campanula Family. 

106. Campanula rotnndlfolia, L. Harebell. — Common; varying tbrougb 
Intermediate fonna to the variety Hnifolia. 
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107. CampAnula aparinoides, PurA. Harab Bellflower. — Grand Marals ; 
quite common. In bloom Aug. 12. 

Ericacba. Heath Family. 

lOB. Vaccinium Oxycoccus, L. Small Cranbeny. — Common in tbe- 
marsh at Grand Marals and on a small Island in Superior Ba;. 

*109. Vtcclnium Pennsylvanlcum, Lam. Ihrarf Blueberry. — Grand 
Harais. 

110. Chiogenes hispidula, Torr. * ffr. Creeping Snowbeny.— Grand 
Haraia. In fruit near Devil's Track Lake the middle of August. 

111. Arctostaphyloa Uva unl, Sprtng. Bearberry. — Grand Harais ; com- 
mon. Fruit ripe in Auguat. 

112. Gaultberia procumbens, X. Aromatic W in tergreen.— Minnesota. 
Point ; common. In blossom Sept. 1. 

*113. Cassandra caliculata, Am. Caasandra.—Minnesota Point; com- 
mon on low ground. Grand Maraia. 

«114. Andromeda potifolia, L. Andromeda. — Common in the marsh at- 
Grand Marais. 

lis. Ledum latifolium, Ait. Labrador Tea.— Abundant. Far advanced, 
in fruit at Grand Marais, July 2g. 

116. Pyrola rotundlfolia, L. Round-leaved Winter-Green. — Black Point. 

117. I^ola chlorantha, Swatt. Winter- green. — Common. Fruit Aug.. 
24. 

118. Pyrola secunda, L. Winter-green.— Common. 

119. Monaaes uniAora — . One-flowered Pyrola. — Grand Harais. Iik 
blossom July, 31. 

•120. Chimapbila umbellata Ifutt. Princes Pine. Pipsisewa.— Local - 
Common at Devils' Track Lake and Just passing out of bloom, Aug. Ifi. 
Minnesota Point ; sparingly in bloom, Sept. 1. 

121. Honotropa nniflora, L. Indian Pipe.— Common. In bloom and. 
fruit latter part of August. 

•122. Honotropa Hypopitys, X. Fine-sap.— Only two^pecimens found 
Caribou Point, Aug. 24 in full bloom ; summit of Carlton Peak, Aug. 25, in 

PLAimam^cKx. Plantain family. 

123. Plantago major, L. Common Plantain.— Rove Lake Trail, etc. 

Punnn^CE^. Primrose Family. 

124. Primula Mtstassinica, MieAx. Primrose. — A very abundant plant^ 
forming thick patches along the crevices of the rocks all along the shore. 
Out of blossom and fruitage on our arrival, July 27. 

126. Trientalia Americana, Purah. Btar-flower. — Common eveiyvrhere •,- 
mostly out of blossom before Aug. I. 

126. Lysimachia stricta, Aii. Loosestrife. — Grand Harais ; common- 
Came into bloom early in Auguat. 
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LEitTiBCLACEA. Bladderwort Pamily. 

*127. Utriculftria vulgaria, L. Greater Bladderwort,— Common in a 
pond near Stewart River. In bloom Aug. 30. 

*128. Pingnicula vulgaris, L. Butterwort, —Bather common about 
pools and wet mossy places on the rocks. Wholly out of blossom on our 
arrival, July 27. 

ScROFHtn^RUCEA. Figwort Family. 

•129. Terbaacum Thapsus, L. Common Mullein.— Common in an old, 
pasture at Beaver Bay. 

130. Chelone glabra, L. Turtle- head.— Black Point ; common. 

131. Mimulus ringens, L. Monkey Flower.— Common on low ground" 
near Stewart Blver. Out of bloom Aug. 30. 

•132, Veronica Americana, -SeAwetntte. American firookline.— Beaver 
Bay. 

•133. Euphrasia offlcinalia, L. Byebright. — Abundant everywhere about 
, the edges of mossy thickets, especially on the rocky " peninsula " at Grand 
Marais, In bloom the lost of July and during August. Small and little- 
branched in exposed situations; larger and much branched among other 
vegetation. 

134. Melampyrum Americanum, Jficftar, Cow- Wheat, —Minnesota Point ; 
common. In bloom and fruit Sept. 1. 

LABIAT.S, Mint Family. 

•136. Mentha Canadensis, L. Wild Hint.— Grand Marais ; common. 

136. Lycopus Virginicus, L. Bugle-weed.— Common. 

•137. Nepeta Cataria, £. Catnip.— Grand Marais; about an old garden. 

138. Brunella vulgaris, L. Self-heal.- Beaver Bay ; common. 

•139. Scutellaria galericulata, L. Bcullcap. — Cascade River. Grand 
Marais, 

•140. Scutellaria lateriflora, L. Mad-dog Skullcap.- Rove Lake Trail. 

141. Galeopsis Tetrahit, L. Common Hemp-Nettle. — Yei; common ; 
growing on the shingle especially. Corolla almost universally white, 
marked with yellow in the throat ; rarely purple. 

•142. Stachys palustria var. asper. Hedge -^N^ettle. — Little Marais. Pali- 
sades, Aug. 26 ; common and in bloom. The variety cordola common near 
Stewart River, 

BoitRAoraACK,«, Borage Family. 

143, Hertenua panicolata, Don. Smooth Lungwort, — Abundant, The 
flower buds pink, turning blue as they open, thus giving the flowering plant 
a showy, varigated appearance. Still blooming in August, 

Gbntuh&gea. Gentian Family, 

144. Halenia deflexa, ffriw^ocA. Spurred Gentian, — Common. 

14fi. Menyonthes trifoliata, L. Buckbean. — Grand Marais, D. T, Lake. 
Out of bloom. 
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CHsnoFODUCBA. Goosefoot Familj. 

•148. Chenopodium album, L. Lamb's Quarters.— Grand Maraia; on 
cultivated ground. 

*147. Blitum capitstum, L. Btrawbeirj Blite.— AlioneBota Point. Ripe 
fruit and bloBsoms, Bept. 2. 

*14S. Coriapenuum hTsaopifoUum, L. Bug-seed. — Commoa on Minne- 
sota Point. [It may be of interest to note that tbis plant also occurs in the 
vicinltj of Minneapolis, though not heretofore reported from the State.] 

Amarahtacka. Amaranth Family. 

*149. Amarantus retroflexus, L. Pigweed, — Duluth ; common. 
•150. Montelia tomariscinia, — .Common on Minnesota Point and about 
Ihiluth. 

PoLTaoKACB.s. Buckwheat Family. 

*151. Polygonum viviparum, L. Albino Bistort.— A single plant in 
bloom, and with man; red bulblets, found at Grand Marais, Aug. 21. 

•152. Polygonum Ferslcaria, £. Lady's Thumb. — Common. 

*1G3. ' Polygonum Hydropiper, X. Common Smart- weed. — Duluth; com- 
mon. 

*154. Polygonum acre, H. B. K. Water Smartweed.— Common. 

•1S5. Polygonum amphibiiun var. terrestre, WiOd. Water Ferstcaria. — 
Common near Stewart Biver, and one form close to rarity aquaticum. 

•156. Polygonum articulatura, L. Joints red. Common and in full 
bloom Sept. 1, on Minnesota Point. A very pretty plant, growing in the 
dry sand, 

• IGT. Polygonum aviculare, L. Knotgraaa. — Common. 

*168, Polygonum sagittatum, L. Arrow-leaved Tear-thumb. — Common 
around a pond near Stewart River. 

•169. Polygonum Convolvulus, L. Black Bindweed. — Common about 
cultivated grounds, 

160. Polygonum cilinode, IBeKx. Black Bindweed. — Abundant ; spring- 
ing up in profusion on burnt areas. 

•161. Bumes orbioulatns, Gray. Great Water Dock.— Jfear Stewart 
river; common. 

162. Bumez Acetosella, L. Sheep Sorrel. — Common all along the shore. 

CALi.rrHi(icHACE.s, Water Starwort Family. 

•163. Callltriche verna, L, Water Starwort. — Common : Pallisades, 
Duluth, etc. Growing both in and out of water. Fruit and flowers, Sept. 2. 

ITitTiCACE^A. Ifettle Family. 
1S4. TJrtiea gracilis Ait. Common Nettle.— Common. 

CupnuFEBA, Oak Family. 
165. Oorylus rostrala, Ait. Beaked Hazel-nut. — Common ; in fruit 
Aug. 5. 
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Betui.ace^. Birch Family. 

166. Detula papyracea, Ait. Paper Birch. — Abundant everywhere. The 
iMrk of this tree, together with that of the " Cedar" (Arbor-vitse), is made 
use of in innumerable ways by the Indians. 

167. Alnus viiidiB, D. C. Green Alder.— Common. Forming small 
clumps along shore, wherever It can get a foot-hold. 

Saucacea. Willow Family. 

168. FopuluB tremuloides, MuAx. American Aspen.— Abundant. 

CoNiTRiLS. Pine Family. 

169. PinuB Bankdana, Lambert. Northern Scrub Pine. — Common. 

170. Plnus Strobua, L. White Pine. — Common; but thereiinoexteniiTe 
pine forest on the immediate shore. 

171. Abies niger. Pair. Black Sprace. 

172. Abies alba, Itiehx. White Spruce. 

173. Abies balsamea, MarAaU. Balsam Fir. 

174. Larlz Americans, Mkhx. Tamarack. — Common, growing often on 
high ground. 

175. Thuja occidentalis, I.. American Arbor-vitge. Forming the dense, 
almost impenetrable " cedar-swamps " of this region. Attains a large size 
— two to three feet in diameter. 

178. Juniperus communis, L. Common Juniper. Minnesota Point; 
common. 

177. Taxusbaccata, £., Tar. Canadensis. Am. Tew. Ground Hemlock. 
— Abundant. Fruit ripe during August. 

Abacbx. Amm Family. 

17S. Cala palustrls. L. Water Arum.— Stewart river. Common about 
Dulnth; blooming in July. 

179. Acorns Calamus, L. Sweet Flag.— Buluth ; common. 

Lrmsackx. Duckweed Family. 

*1S0. Lemna mluor, L. Duckweed. — Duluth harbor ; common. 

Tytbacsx. Cat-tall Family. 

*1S1. Typba latlfolia, L. Common Cat- UiL— Duluth ; common. 

Kaiadacck*. Pond-weed Family. 

* T IBS. Petamogeton Claytoni, Tvckerman. Pond-weed. — Common in a 
small stream near Stewart River. 

*183. Potamogeton amptlfolius, JfieAz.— Devil's Track Lake ; common. 

«164. Potamogeton gramineus, £.— Devil's Track Lake; abundant. 
Fruiting middle of August. * 

AuaiucK'K. Water- Plantain Family. 

•186. Triglocbin maritlroum, L. vsr. elatum. Arrow- Qraaa.— Duluth ; 



3vGooglc 



EIGHTH ANBUAL REPORT. 

as Plantago, L., far. Amerlcaaum. Water-Plnntain.— 

lant. Blossom and fruit Bept. 2. 

^uia variabilis, Bngelm. Arrow-head— Common near Stew- 



Btdrochiaidace^. Frog's-bit Family, 
barle Canadensis, Planchon. Wate^-weed.— Dulutb harbor ; 
ineria spiralis, L, Eel-grass. Water Celery.—Duluth liar- 

Orchidacb^. OrcliiH Family. 

laria viridis, R Br., var. bracteata, Relchenbach. Beln- 

}tl's Peak, Aug. 25 ; In bloom. 

iria obtusata, RiehanUon. Reln-Orchig. — Abundftnt ; bloom- 

kria orbiculata, Tarr. Orchis.— Devil's Track River. 

yera repens, R. Br. Rattlesnake -Plantain. — Abundant. 

logon polchellus, R. Br. Qma Pink.—Common on a small 

lor Bay. Blooming middle of July [IS7T.] 

ISO borealia, Salub. Calypso. — Borne dead scapes and flowers 

M!k Point, Aug. 24, are eridently referable to tiiis species. 

Iridacxx. Iris Family. 
;alcolor, L. Large Blue Flag.— Grand Marais; common. 

LiLucELS. Lily Family. 

um cemuum, L. Wake- Robin. —Grand lUarais. In fruit 

topua roseus, Jtkhx. Twisted- Stalk. — Common. Fruiting 

lia borealis, Setf. Nosthem CUntonia. — Abundant and in 

«ina bifolia, Ser. False Solomon's Seal. — Common, 
ina trifolla, J)uf. False Solomon's Seal. 

Pblladelphicum, L. Wild Orange- red Lily. — Occasional 
B. 

Felices. Ferns. 

■dium vulgare, L. Polypody. — Abundant ; growing on the 

aquilina, L. Common Bracke. — Common about DeviPsTrack 
S Rove Lake Trail. 

mium Filix-fcemiua, Bemh. Spleenwort. — Common. 
opteris poljpodioides, F^. Beech-Fern. Abundant. 
opteris Dryopteris, FU. Beech Fern. — Common everywhere, 
lium spinulosum, Saartt. var. dilatatum. Wood-Fern. — Caa- 



n 
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•209. GfBtopteris bulbifera, Bemh. BlKdder-Fem'.— Cascade River. 

•210, GyBtopteria fragilis, Bemh. var. dentatum, Hook. Bladder-Feru.— 
Cascade River. 

211. Onoclea sensIblUs, L. Senai live -Fern. — Abundant nlong the Devil's 
Track River, 

•212. Woodsia Ilvensis, R. Brown. Woodsia.— Verj common on the 
Tocks all along the shore. A dwarf form, one to three inches high, jet 
fruiting freel)', was common in the clefts of the rocks on the summit of 
Carlton Peak. 

•213. Osmnnda regalU, L. Flowering- Fern. —Common along Devil's 
Track River. 

•214. Osmunda Claytoniana, L. Flowering-Fern.— Rove Lake Trail. 

*216. Osronnda cinnamomes, L. Cinnamon-Fern. — Common. 

Ltgopodiacea. Club-MoHB Family. 

•216. Lycopodium lucidulum, JfltAa.— Carlton's Peak; abundant. 
3Iouth of Devil's Track Biver. 

317. Lycopodium annotinum, L. Common everywhere. 

213. Lycopodium dendroideum, MieAx. Ground Pine.— Common. 

219. Lycopodium clavatum, L. Common Club Moss.— Common. 

210. Lycopodium compluuttura, £.— Devil's Track Lake) rather com- 
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VII. 

CHEMISTRY, 

RSPOHT OF FROr. PECKHAU. 



Prof. N. M. WvruMl : 

Mt Dsab Sir : Permit me to submit the following report of Chemical 
■work done for the Geological Surrey since my last report. 

The three specimens of iron ore, numbered 68, 61 and 62,* were examined 
in accordance with the instructions conveyed by your letter of June lOth^ 
1879, as follows : 

Id the analysis of the iron ores, determine the following ; 
Insol. siliceous matter. 
Sulphur {or Sulphuric Acid.) 
Phosphorus (or Acid.) 

Magnesia. 
Manganese Oxide. 
Alumni na. 
Iron as metal. 
Iron as protoxide. 

(Signed) N. H. WracHBu.. 

* In the Seventh Annnftl Beport neie given the An^yils of : 

A SlUceona M*«D»i&n Llmeetoue, from Tom's Qaurf, Sng&r Loftf, WIdoub. 
. Umealone from Shakopee, IMnKom nnmber aiBBI. 
, Limestone tcom Clapp'i Qnarrj, (Shakopee fonnatlon). near MankaCo. 
Other nnmbeta are from the (oUowine localities : 

ailiceone Iron Ore, fonr miles weal of Cannon Falls, (Moa. No. 4IS). 
we-grained Limstone, Le Eoj, (Mna. nnmber 22a8). 
d Qnartzfle, [ram the FlpeBtane qnariy. 

n Ore, from the Heaabl Range, (Smvtj No. 4S8. of aeld-book No. 18.} 
. Iron Ore, from the Heasbl Range, (Snrrey No. 441, of fleld-baak 38). 

~ lenceLlmealone, Winona, (UnaeDm No. SIS). 
, Shakopee Llmeatone, trom Kasota. The Kaeota bnlldlDg atone, 

iwrence Limeatone, from St. Lawrence, with green Band, (Mna. N0.21M). 
oatlWe Shale, Lower TVenlon, Prairie Creek qnarriea.Elie Co., <Mn«. No.KAO- 
ceona Clay (or Shale), Mankato, (Mn«. No. WM). 

[H. H. W.l 
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The results obtained ore given below. 

IBOM OKBS. 



Number. 


68. 


61. 


62. 




47. 7S 
.120 
.002 

trace. 

trace. 

trace. 
.700 

51,017 


14.9S 
.32 

trace. 
2.13 
3.3G 

76.7297 












Lime CaO 

























Iron, Fe 

Ferrous Oxide, Fe O 

Magnetic Oxide, Fe^ O4 



35.7137 


53.7134 


none. 




none. 


none. 



Numbers 61 and 62 are pure and valuable Iron ores. 

Number 63 is a limestone, coutaining druzy cavities Blled with wbite 
quartz. It consists of : 

Fer cent. 

Insoluble matter 6.B8 

Soluble Silica, Si Oi, Aluminic Oside Ala Uj and Fenic Oxide, Fei 

Oj 14.26 

Calcium Carbonate, Ca CO3 39.338 

Magnesium Carbonate, Mg CO3 34.734 

Sulphuric Oxide, 80j trace. 

Undetermined Alkaline Carbonates G.088 

100.000 

Number 64 is a remarkably pure Magneslan limestone. It consists of : 

Insoluble matter, (chieBy Silica) Si Oa 13.8G 

Soluble Silica, SiOa, Aiumnic Oxide Ala, Oj, and Ferric Oxide 

FeaOj 1.49 

Calaium Carbonate, Ca C O3 47.904 

Magnesium Carbonate, Mg C O, 35.227 

Sulphuric Oside BO] trace. 

Water and Alkalies, undetermined 1.529 

, 100.000 

Number 65 appeared to the eye to be identical with number 31 — the St. 
Lawrence limestone — containing Qlauconite, already reported,* to you in 
my report dated Jan. 9th, 1877. 
The portion of the rock that is soluble in cold hydrochloric acid con- 
Calcium Carbonate, Ca CO3 
Magnesium Carbonate, Mg COj 

•See Report State CteologtBt,UliiDeioU, IBTG, pg. 01. 
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Calcium Silicate, Csa 8i O, 
Ferrie Ozide, Fei Oj 
Manjcanic Oxide, Mn O. 

Angulargrains of Bilicaaudgmall green grainsremftined undissolved. The' 
green grains vanied in size from one tbirtj-second (estimated) of an inch in 
diameter to those of inappreciable dimensions. Most of the grains of silica 
were about the size of mustard seed, but manj of them were eztremelj 
■mail, rendering the complete separation of the grains of silica and the green 
grains impossible. It was also found impossible to make anj two estimates 
of the composition of the soluble portion that would correspond. The . 
insoluble silica and green grains both together and separately are not 
uniformly distributed Uuough the rock, so that onlj an aproiimation can 
^be made of the mixture of which the rock is composed. Of the piece 
examined 6.771 per cent, was insoluble. I think the piece selected was a ' 
fair average. The analysis of the green gains will be found to correspond 
very closely with that before reported.* 

Per rant. 

Silicic Oxide, Si 48.131 

Ferrous Oxide, Fe O 27.063 

Aluminic Oxhle, Ali O3 6.982 

Manganic Oxide, Mn O trace. ' 

Calcium Oxide, Ca O trace. 

Potassium Oxide) K» O 6.982 

Sodium Oxide, Na» O J.831 

Water, Hj 8.S41 

99.910 
These results, like those previously reported, indicate a glauconite insolu- 
ble in hydrochloric acid.t 

Number 66 is a shale or clay containing organic matter and calcium car- 
bonate. Sixty-one per cent, b insoluble in hydrochloric acid. This inso- 
luble material consists of : 

Organic, combustible matter 22.37 

Silicic Oxide SI O, 25.20 

Aluminic Oxide, AU Oj plus a trace of Ferric Oxide, Fej O3 8.96 

Barium Sulphate, Ba 8O4 3.0067 

Magnesium Oxide, MgO 973 

Calcium Oxide, CaO trace. 

The soluble material consisted of : 
Ferric Oxide, Fej O3 plus Aluminic Oxide, Ali Oj plus a trace of I g 20 

Ferrous Oxide, FeO 1 

Calcium Carbonate, Ca COj 20.809 

Calcium Sulphate, Ca 8O4 2036 

Magnesium Carbonate, Mg CO3 12.BB6 

Water and trace of alkalies 2.7928 

JOO.OOOO 
It is quite possible that this shale, if mixed with clay (a proper proportion 
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and burned, would fumbli hjdrsalic cement. The burning would require 
•very little extra fuel. ' 

Number 67 la « hlgbtr eillceoua clay. Xta compodtion places it with 
■orthoclase, although It has the phjralcal properties of kaolin. It la chemi- 
-cally a allghtlf decomposed feldspar, while It has the appearanoe and some 
of the properties of claj. It, however, appears to contain too much iron to 
Admit of its being used for white ware, although a practical test U often 
required to definitely settle the value of clajs for such purposes. It waa 
found, on analjais, to cont^n : 

Percent. 

Water, H,0 1.980 

Silicic Oxide, SiO, 70.100 

Almninoin Oilde, Ali O3 plus Ferric Oxide, Fea O3 a trace 18.990 

Sulphuric Orlde, BO3 00.231 

Potassium Oxide, K. 10.896 

99.996 
Very respectfully yours, H. F. PECKHAJI, 

Chemist to the Oeol. Surrey. 
The UmTBBfliTT of HtmrEsoTA, 
Jan. 28, 1880. 
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VIII. 

ORNITHOLOGY, 

BEFOKT OF DR. P. L. HATCH, 



Prof. N. S. WiruMl— 

Dear Sib ; The iacreased facilities for extending mj observationa over* 
new sections of the State, which your considerations afforded me, have- 
enabled me to achieve more satlatactoiy resulta than in the preceding year. 

I not 00)7 visited remote points of great interest, but have thus succeeded 
in enlisting competent assistants who have entered into the exploration of 
their special localities with great enthusiasm. Several such have given me- 
carefuUy prepared' reports of what they have accomplished, which I reserve- 
to draw upon in making up my final report. I have held several such over 
the last year from Messrs, T. S. floberts, C. L. Herrick, R, L, Williams and. 
£, L. Hood, which, but for a Httle ihisapprehension, I should have handed 
you a year ago, 

I am gratified, however, to know that they do not regret the' omission. X 
am under renewed obligations to these young and enthusiastic naturalists, 
for their hearty co-operation. They will pardon my constitutional cautiott 
in not publishing observations in natural history prematurely ; they are bet- 
ter, sometimes, lilce wine, for liaving been kept a time. It is often the case- 
tliat but half of the truth is a viImU falsehood, 1 am anxious to gather dat& 
from more tliBtt half of the field before attempting tc extract reliable truttk 
for the whole. However, I have a paper from your assistant. Prof. 0. W> 
Hall, prepared by Mr. T. 8. Roberts, bis assistant, in a Geological and Natu- 
ral History exploration of the north-west shore of Lake Superior, that is so 
complete in itself and covers a hitherto unexplored region of such interest, 
to ornithologists, that I cannot withhold it for my completed report without 
injustice, not only to those gentlemen, but to all who are interested in the- 
fauna of that interesting region. You will find it inclosed herewith. With 
renewed assurances of my interest in the work I have undertaken and my- 
sincere acknowledgments for your official and personal kindness uniformlj- 
manifested to me, I remain. 

Tours very truly, 

P, L. HATCH. 

No. 818 Nicollet Av,, Minneapolis, March 5, 1880, 
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Dr. P. L. BaUh, State OrniilwlogiU— 

Sir : I transnilt to jou herenith a list of birds collected by Mr. Thomu- 
B. RobertH. During the past summer a geological and collecting corps of 
tlie Qeological and Natural History Surrej of this State was sent by tlu- 
State Oeoiogiat to the northwest shore of Lake Superior for studying cer- 
tain geological and mlneraloglcal characters along the cost, and for making 
collections of the fauna and flora of that region, that the same might be- 
represented in the Qeneral Uuseum of the University. 

Mr. Roberts was my agsiatant on that expedition, and I am pleased to- 
have an opportunity here to bear record to fiis untiring industry and 
patience, to his quickness and exactness in observation, and to the thorough- 
ness with which he followed out the details of every examination. 

The skins of the birds collected and the sterna and parts of the viscera of 
many of them are In the Museum of the Univerity, where yourself and all 
others interested in Ornithology can have free access to them for study and 
comparison. 

Very truly yours, 

C. W. HALL. 

The Univ&rsiti of McniEflOTA, Feb. 25, 1860. 



A PARTIAL LIST 
BIRDS OF ST. LOUIS AND LAKE COUNTIES, MINN. 



These two counties, St. Louis and Lake, form the triangle which projects 
eastward from the northern half of the State of Minnesota, between Lake 
Superior and the British possessions. Each is of large dimensions, and 
together they form an extensive tract of country, representing the wild^ 
heavily timbered area of the State. This list of birds, however, relates only 
to a narrow strip along the lake shore, between the months of the St Louia 
and Devil's Track Rivers — a general coast line of about one hundred and 
twelve miles. From Grand Maraia, one hundred and eight miles below 
Duluth, a collecting trip was made six or eight miles inland to a sheet of 
water known as Devil's Track Lake. This proved to be a quite large and 
pratty lake, with low, rocky shores and timber growing to the very water'» 
edge. From its eastern end flows the river of the same name, a considerable 
stream, which, after receiving several affluents and making a descent of 
over a thousand feet, enters Lake Superior about four miles below Qrand 
Harais. 

This whole extent of country is covered with a dense forest, consisting for 
the moat part of evergreens, white birch and poplar, which everywhere 
encroaches close upon the water's edge, whether it be along the banks of 
the rivers or the shore of the lake. Indeed, it is alone the action of the 
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water that establislies the line beyond which the trees cannot adv&iice, and 
owing to the abrupt, rocky character of the entire shore this line is close to 
the water and very sharply defined. It is but a step from the gloomy forest 
to the bare rock or shingle beach, and usually but a half dozen more down 
over the water-worn rock to the icy waters of the lake itself. The rivers, 
entering the lake, between rocky walls, and with scarcely an opening among 
the trees, vary but little the general uniformity of the forest line. About 
the only breaks in this monotony Me "burns," small areas from which the 
timber lias been cut, and now and then a haid-eamed clearing which has 
most likely been abandoned to grow up in saplings and brush. Aside from 
the low ground about the mouth of the St. Louis River, only two small 
marshes, scarcely worthy of mention, were seen. One of these constitutes 
the marai* from which Grand Marals takes Its name, and the other, of some- 
I what greater dimensions, lies just above Stewart River. Neitlier is directly 
connected with the lake. 

Every field ornithologist Is aware that birds, as a rule, do not like the 
deep, sombre forest, but frequent by preference the edges of woods or open 
spots where they can get air and sun-light as well as suitable food. This ia 
well Illustrated on the "North Shore;" fortheviclnity of towns, abandoned 
clearings, and old burnt sections were found to be by far the best collecting 
grounds. A long walk through the forest, resulted generally in hearing 
only a few Red-eyed Vireos singing high up among the trees, encountering 
perhaps a noisy, roving troop of Chickadees or a few warblers, stragglers 
from the outside, flitting about among the tree-tops. 

Near Duluth are marshes and a number of cultivated fields, and we find 
that such birds as the Yellow-winged and Savanna Sparrows, Grass Finch, 
Bobolink, etc., are to be found. But other than in these two localitiea 
there is little or no cultivated ground within the region examined. At 
Orand Harals, which was our headquarters, there are two or three large 
partial clearings and a low H shaped peninsula, which bears only bushes 
and stunted trees, conditions which make this a fair locality tor the bird- 
collector. 

Considerable disappointment was felt at not finding several species of 
biids that were confidently looked for, and which, in all probability, do 
occur. Among these may be named the Mourning Warbler, Canada Jay, 
White-winged Crossbill, Banded Three-toed Woodpecker, Pileated Wood- 
pecker and two or three species of owls. The Canada Jay and Pileated wood- 
pecker were known to residents, and the former said to be common and 
noticeable in the fall and winter. Owls appeared to be scarce. We our- 
selves noted but few, though camping along the shore for over five weeks, 
and little could be learned of them from resident hunters, 

The work of the present season (1879) was included between the dates 
July 26th and September 2d. In July, tSTT, the writer spent a few days col- 
lecting at Duluth, and as the notes taken at that time have never been pub- 
lished, they are Incorporated In this list In order to render it as full as 
possible. All matter Introduced from this source is inclosed in brackets, aa 
the work was done independent of the survey. 

One hundred and twenty-five (125) skins representing fifty-five (GS) 
species, were taken the present season. Seven (T) additional species are 
represented in the University Museum, and the writer's collection by speci- 
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meDB previously taken on the north shore, which tnakes sixty-two (62^ 
species that rest on the capture of apecimeDB. The remainder were seen 
and well identified by the writer with the exception of a single species,— the 
White-headed Eagle, which is included upon hearsay. 
The name of a locality accompanied by only a date signifies that the 
' species was taken at that time and place. These records of capture have 
been introduced quite frequently as giving a degree of deflnlteness to the 
observations. 

1. [Turdus migratorius, Linn. Robin. — Common at Duluth in July, 
1877,] 

2. [Turdua swainsoni, Caii. Olive-backed Thrush.— A specimen (var. 
$aain»07ii) was taken at Duluth, July Ifl, 1877,] 

3. [Sialia slalis, {Linn.) Bald. Blue-bi id.— Several pairs seen at Duluth 
in July, -77.] 

+. Parue atricapillug, Linn, Black-capped Chicadee.— Common. Found 
often in the deep woods where few other birds live. 

5. Sitta canadensis, Linn. Red-bellied Nuthatch. — Not very common. 
Its trumpet like notes 'betraying its presence much oftener than a sight of 
the bird itself. Poplar River, Aug. 6. 

6. Certhla familiaris, Zinn, Brown Creeper.— Noted quite frequently. 
Been at Qrand Marais July 28 and on Minnesota Point, Sept. 1. 

7. Troglodytes aedon parkmani. Western House Wren.— Taken at Qrand 
Harais, where several were seen. I am at a loss to account for the apparent 
scarcity of this species along the shore as I found it in July, 1877, very 
common among the burnt and fallen timber about the Northern Pacific 
Junction and Duluth. A number of specimens taken at that time show a 
Tery light coloration ; and in fact all the wrens of this species that I have 
taken in Minnesota are noticeably light colored. In view of this fact I 
recently sent a small series of skins from different localities in the State to 
Ur. Bobt. Ridgway for identification. His reply was that the specimens 
were all parkmani, and extremely typical of that form. Again in a subse- 
quent letter he says "Tour wrens surprised me very much, as 1 was prepared 
to find them aedon. They are the most typical specimens of parlertani I ever 

Kr. T. H, Trippe in his paper* upon the birds of central Minnesota gives 
Bewick's Wren as commonand breeding, and includes the House Wren only 
with doubt. Yet in this same general region I have found only the House 
Wren abundant during the breeding season and have never seen Bewick's 
Wren. 

S. [Hniotilta varia, {Linn.) FinU; Black and White Creeper: — Seen on 
Minnesota Point, July 11, 1S77.] 

9. Helminthophaga ruficapllla, ( Wilt) Bd. Nashville Warbler.— Com- 
mon in latter part of August. Devil's Track Lake, Aug. 18. Beaver Bay, 
Aug. 28, etc. 

10, Helminthophaga peregrina, ( Wilt) Cab. Tennessee Warbler.— Very 
common; forming often the greater part of the rambling companies of 
migrants found in open places and on the edges of the timber after tbe second 
week in August. In full song at Devil's Track Lake on Aug. 16. Grand 
Marais, Aug. 13. Beaver Bay, Aug. 27, etc. 

•PnK. Bh. Inn. VI. IBTl, p. IIG, 
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11. {Dendrceca Bsiiva, (ffm) Bd. Yellow Warbler.— Several noted at 
Duluth in July, 1877.] 

12. Dendrooa virens, (Gm) Bd. Black- throated Qreen Warbler. — Qrand 
Maraia ; tno spBcimens taken July 28 and Aug. 13, [Dulutb, Jul; 16, '77.] 

13. Dendrceca Cffinilescenii, {Linn) Bd. Blacb- throated Blue Warbler. — 
Two males taken at Poplar River, Aug. 6, FroA the anxiety diiplayed bj 
one of theae it seemed that the young were still under the care of the 
parents. The second male was in full song. 

14. Dendr<Bca coronata, {IMn) Gray. Yellow-rumped Warbler.— Com- 
mon at Devil's Track Iiake, Aug. 16-lS. Three specimeos (young) taken 
the 16th, 

16. Dendrceca blackbumiES, [Qm.yBd. Blackbumian Warbler, A female 
accompanied by her brood of young was found on Aug. 10 among the dense 
underbrush of an old clearing at Grand Marais, They kept close to the 
ground, chirping constantly, and were very difficult to start from their place 
■of concealment. Two of these were secured. Devil's Track Lake, Aug. 18. 

16. Dendrrecft striata, (Ftfrrt.) Bd. Black-poll Warbler.— Beaver Bay, 
Aug. 27, '79 (a young bird). 

17. Dendceca castanea, (Wils,) Bd. Bay-breasted Warbler. — Devil's 
"Track La'ke, Aug. 16. Seen also at Black Point Aug. 24. 

18. DendriEca maculosa (Gm.) Bd. Black and Yellow Warbler, — Corai- 
:mon. Found in small companies during the first part of Augiist, the broods 
having not yet broken up. Moulting at this time. Devil's Track Lake, 
Aug. 16. Beaver Bay, Aug. 27. 

la, Dendrceca palmarum, (Om.) Bd. Yellow- red- poll Warbler. — Appar- 
■ently not common. Beaver Bay, Aug, 27, 

211. DendrtBca tlgrina, {Gm.) Bd, Cape May Warbler,— Taken at Grand 
Marais, Aug. 13, and believed to have been seen at Devil's Track Lake, 
Aug. 16. 

21. [Siurusauricapillus, (Zinn,) 5w. Golden-crowned Thrush.-Several 
noted at Duluth in July, '77.] 

22. Siurus nsvius, iBodd.) Otnaii. Bmall-billed Water Thrush,— Common 
:at Devil's Track Lake. A thick growth of evergreens and birches, growing 
close to the water's edge and pro jecting out low over the waterfor a number 
of feet, formed a most congenial haunt for this bird. Though so late in the 
season (Aug. 15-18) they were uttering their ringing, emphatic song with 
-seemingly all the vigor of spring. They sang chiefly in the morning, from 
-daylight until eight or nine o'clock, and then again for a short time in the 
evening. As stated by several authors, the song bears a striking resem- 
blance to that of the Mourning Warbler (QtfftMypi» ^tUadeiphia). Seen on 
the lake shore only at Black Point, Aug. 24. 

23. Geothlypis trichas, (Linn.') Cab. Maryland Yellow- throat .—Been 
<nly once, near Stewart river, Aug. 30. [Common at Duluth, in July, '77, ] 

24. Geothlypis Philadelphia, (WiJi.) Bd. Mourning Warbler, — Common 
,a.bout Duluth in July, 1S77. The following extract from a paper contributed 
by the writer to the Linnean Society of New York City, in Februaiy, 1879, 
may be of interest in this connection. In the vicinity of Minneapolis it 
!^Q. pMiaddi^wi] has been met with very rarely and only during the migra- 
tions. Its capture, several years ago, by Dr. P. L. Hatch and Mr. W. L. 
'Tiffany; the taking of two males on May 18, 1677, by Mr. R. S. Willioma, 
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and a mftle of the year on Sept. 2, 1S76, by the writer, about comprisea it» . 
Ihigtory Id thlB localUj. Dr. Batch's words, " rare aad unacted," convey a 
correct Idea of its occurrence here. 

" Leaving Hinneapolis we will pass due north about one hundred and 
twenty-five miles, Into Carlton and St. Louis counties. Here is one vast 
'extent of forest, largely of pines and other evergreens, but with hardwood 
-ridgea and tamarack swamps interspersed. In many sections extensive fires 
have raged on the low grounds during dry seasons, completely killing the 
timber, especially in white-birch regions. The fallen, charred timber, piled 
promiscuously among the dense tangled undergrowth that springs up, forms 
-as pathless and impenetrable a place as one can well imagine, and the dead 
>and blasted trees which remain standing on all sides, give to the country a 
most desolate appearance. Among several features rendering these barren 
■wastes attractive to the ornithologist, is their being the summer home of 
the Mourning Warbler. During the second and third weeks of July, 1877, 
we found this warbler about the Northern Pacific Junction (Carlton Co.) and 
Duluth (St. Louia Co.) in such numbers as to fully warrant its being called 
common. It was at that time in song and breeding. The males were con- 
-spicuous from their habit of sitting on the dead trees to sing ; but the 
females were seldom seen, as they kept down in the thick cover. The males 
would sit for a long time on the limb of a dead tree, motionless, but for 
the occasional utterance of their brief song. In quality their singing is 
much like that of the Maryland Yellow-throat ; but the song, as I heard it, 
■consists of five notes, the first three just alike, followed by two others, 
louder and fuller. The whole is loud, clear and ringing and forms an inter- 
«sting song, but I suspect its attractiveness is due, in great measure, to the 
fact that it is the utterance of the Mourning Warbler. When the singer ia 
■disturbed he either flies to another tree, near by, to continue his perfonn- 
;ance or dives into the thickets below, where he is safe until he may see fit to 
reappear. 

" The nest we did not find, though we greatly excited several pairs by our 
■close approach to it. When thus disturbed, both male and female would 
utter forcible aparrow-like chirpa, move actively from bush to bush, fre- 
.quently passing nervously over every limb and twitching their bodies much 
in the manner of the Yellow-throat (9. (tmAim) under similar circumstances. 
A few, at least, had young upon our arrival (July 6), and we several times 
-saw them (male as well as female) carrying large green caterpillars, such as 
■one could scarcely Imagine a young Mourning Warbler swallowing. On 
July ISth, at the N. P. Junction I came upon a brood of young out of the 
nest, but not able to fly above a few yards. They were in a dense place and - 
kept close to the ground, only appearing for an instant now and then, when 
beaten from some bush. They chirped loudly, very much likethe old birds. 
Aa late as July 18, at the date of our departure, the males were still in song. 

"T. M. Trippe found this warbler abundant and breeding through the 
central part of this State in the summer of ISTO, and to him is due the credit 
of ascertaining that the timberwilds of Minnesota are so eminently its home, 

" It is a strange fact that the Morning Warbler should be so rare about 
Minneapolis during the migrations and yet so common all the season little 
more than a hundred miles farther to the north. It would seem that they 
muat certainly pass by here ; yet in what manner is something of a mystery. 
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The imauiUble character of the conntiy is the evideDt explanation of thtir 
absence during the summer.") 

Contrary to expectation nothing was seen of the species the present season, 
but the Tictnitf of Dnluth was examined soaKelf at all. Though whf cer- 
tain buni«d areas about Grand Marato and elaewhere were not inhabited hy 
this bird is not quite evident. 

25. Mfiodloctes puaillus, ( Will.) 3p- Wilson's Blackcap.— Noticed bct- 
eral times In the latter part of August. In song. Beaver Bay, Aug. 37. 

26. Myiodioctes canadensis, (Linn.) Aud. Canadian Fljcatchei^-Com- 
mon; frequenting the undergrowth. During the early part of August its 
actions indicated tb^t it was still looking after its jroung. In song at Devii's- 
Track Lake, Aug. IS-ie. Taken at Poplar River, Aug. 4 ; Grand M araia> 
Aug. 13. 

27. Setophaga ruticilla, (Xtnn.) Sw. Redstart.— Common. A pair seen 
at Poplar lUver, Aug. 6, feeding young not more than two or three days- 
from the nest. Grand Maraia, Aug. 9. 

28. [Fyranga rubra, (Z«nn.} Fwtij. Scarlet Tanager.— A male, seen at. 
Dnluth, July 16, '77.] 

29. [Tachycineta bicolor, {Vieitt.) Cab. White-bellied Swallow.— Com- 
mon at Duluth in July, '77.] 

30. Hirundo horreorum. Barton. Bam Swallow. — A single male flew 
around the boat between Poplar and Cascade rivers on Aug. 4 and [sevens 
were seen at Duluth in July, '77.] 

31. Petrochelidon lunifrons, {Say) Scl. Cliff Swallow.— One seen betweei* 
Beaver Bay and Duluth. 

32. Progne purpurea, {Linn.) Bote. Purple Martin. —Common. Mr. 
Thos. Mayhew, of Grand Marais, told us that they occupied his Martin box: 
last season ; but none were present this year. The last week of August 
many large loose flocks were seen flying south-westward and keeping over 
the water a short distance from shore. 

33. Ampelis cedrorum, {Vieill.) Cab. Cedar Bird.— One of the com- 
monest birds of this region. They occurred both in small flocks and in 
pairs, and some evidently had nests in the latter part of August. No younp 
of the year were seen. At Devil's Track Lake in particular they were- 
observed to display their abUity as fly-catchers to an extent not before noticed 
by the writer. Regularly each morning and evening they were perched ou 
the tops of the tallest trees about the lake shore, making sallies In all direc- 
tions after passing Insects and returning again to their station, almost like^ 
so many pewees or King Birds. 

34. VireoolivBceus(i«»n.| Vieill. Red-eyed VIreo. — Common, and on& 
of the few birds found regularly in the deep forest, where its song was aftep 
the only sound to break the stillness. Beaver Bay, Aug. 23. 

36. [VIreo solitarius, {WiU.) VuiU. Solitary Vireo.- A single individual 
seen at Duluth, July 16, '77.] 

36. [Carpodacus purpureus, [Om.) Gray. Purple Finch.— A young bird 
toten at Duluth, July 16, '77, and others seen.] 

37. LoxiacurviroBtra.americana.fTRI*.! Ctniei. Red CTOssblll.- Common 
all along the shore, but noticed more particularly at Poplar Hiverand Grand. 
Harais. They were in pairs or small parties of six or eight individuals, and 
gave evidence of a restless, roving disposition. Alighting, they would feed. 
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industriously about tbe tops of the evergreeoB for a short time, when all of 
a sudden, at tbe sound of a few sharp uotea, uttered by one of the party, 
thej were oft over the forest with wayward, erratic flight, sounding their 
call note as they went. They are not at all shy, but on tbe contrary are 
tame and unsuspecting birds. The roof of a house, the immediate door- 
yard, a tree standing close beside a dwelling are as likely resorts as other 
equally suitable localities. A tall, isolated pine, standing but a few feet 
from our shanty at Grand Harais, was a favorite stopping place for birds of 
this, kind, and on several occasions they descended to feed about the very 
door, giving but little heed to the presence of the inmates. 

The adults were frequently found paired and the evidence afforded by 
dissection seemed to indicate that they were breeding. Tet tiiis could 
scarcely have been the case, since this bird is known to be one of the earliest 
to nest. Much attachment existed between these mated birds. On one or 
two occasions the male of a ptur being shot first, the female flew only a 
short distance and remained calling loudly, until the gun waa recharged 
and the tragedy ended by placing her beside her mate. 

Only once was the species beard to sing and then (Aug. 5) it was but 
snatches of an apparently pleasing song. 

38. Chrysomitris pinus, {Wilt.) Bp. Pine'Linaet. — Common. ' A tame, 
familiar species, going at this season of the year in small flocks. They fed 
about a flsh house occupied by our party at Grand Marais, and frequently 
ventured under the building in their search for food. 

38. [Chrysondtris tristis, (ttnn.) iip. Thistle Bird.— Found at Duluth 
in July, 1877.] 

40. [Passerculua savanna, {WSi.) Bp. Savanna Sparrow.— Rather com- 
mon about the flelds below Duluth in July, '77. ] 

41. [Pooecetes gramineuB, {Grn.] Bd. Qrass Finch. — Common at Buluth, 
July, '77.] 

42. [Melospiza palustris, (Wilt.) Bd. Bwamp Sparrow.— Duluth, com- 
mon, July, '77.] 

43. Melospiza meloda, {WO*.) Bd. Song Sparrow.— Abundant in every 
suitable locality. Minnesota Point, Sept. 1. Grand Marias, July 28 ' Aug 
13, etc. 

44. [Junco hyemalis, {linn.) Sd. Snow Bird.— Pound common at 
Duluth in July, '77 ; but not noted at auy point this summer.] 

45. Spizella aocialis, {WH*.} Bp. ChippingSparrow.— A common species 
all along the shore and abnndant at some more than usually suitable 
locsJities, as on Minnesota Point and about Grand Marais. Attending to 
young in early part of August. Grand Marais, Aug. 13. 

4S. Zonotrichia alblcollis, {Qm.) Bp. White-throated Sparrow.— Com- 
mon ; rather shy ; freciuenting the thick brush and raspberry patches of 
burnt areas. A brood of young juat able to fly and accompanied by the 
parent, was found at Grand Hands, Aug. 21. This, however, was exception- 
ally late. In song quite generally during the first week of August. From 
this time onward the singing gradually decreased until during the last week 
of the month it waa only occasionally that the full song was heard. 

47. Goniapbea ludoviciana, [Linn.) Bowd. Rose-breasted Grosbeak.— A. 
single individual seen a short distance below Burlington Bay, Aug. 30. 

11 
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48. [Cyanoapiza cyanea, {Linn.) Bd. Indigo Bird.— Seen several times at 
Dululh, July, '77-1 

49. Dolichonyx oryzivoruB, (iwin.) Sw. Bobolink. — Heard flying OTer at 
Beaver Bay, Aug. 27, and [a male seen near Dulutli, July 17, '77.] 

60. Molothrus pecoria, (Gm.j Sv!. Cow Blackbird.— A single specimen 
taken at Orend Maraia, July 29. It was flying Mgh in the air and alighted 
in the very top of a tall pine. 

SI. Agelieus phceniceua, [lAnn,.) Vieiil, Red-winged Blackbird. — Small 
flocks of immature birds were seen occaaionly. They must have been bred 
elsewhere, aa this region is entirety unBuited to their nesting habita. First 
seen at Poplar Biver, Aug. 4-7 ; two taken at Grand Marais Aug. 19, and 
common at Beaver Bay, Aug. 26 29. ' 

62. Quiacalus purpureus, {Bart.) LuM. Purple Qrackle,— Noted but 
twice, once at Beaver Bay and once at Dulutb. 

fi3. CorvUB corax, lAnn, Raven. — Common. Residents say they are 
very numerous during the winter. 

64. Corvua americanus, Aud. Crow.— Ckimmon at Duluth, Aug, 31 — 
8ept.2; but seen only occasionally further down the shore. Dulutb, Sept. 1. 

55. Cyanuriu cristatua, (itnn.) Svi. Blue Jay.— Aparently uncommon. 
Seen near Cascade River, and again near Stewart River, and heard several 
times at Devil's Track Lake. 

The Canada Jay (Pvritoreu* canadantii) is reported both by the white reai- 
dents and the Indiana, as common here, but none were seen by us. 

56. Tyrannua carolinenaia, (dnt.) Temm, Sing-bird. — Obaerved flret at 
Orand Harais, Aug. 20, where two Bpecimene were taken and several othera 
seen. At BeaverBay, but not common. [Commonat Dulutb in July, 1S77.} 

97. Sayomia fuacua, {0m.) Bd. Phoebe Bird. — One taken at Orand 
Jfaraia, Aug. 20, and a pair seen at Duluth, Aug. 31. 

5g. Contopu^ borealis, {Sk.) Bd. Olive-sided Flycatcher. — First seen 
Aug. 19 at Orand Marais. Five shot Ang. 2tl, when it was common on tops 
of talis trees in an old partial clearing. This species, together with the 
king-bird, appeared suddenly in a locality which had been under close 
inspection for some time previously. 

59. Empidonax trailli, {Aud.) Bd. Traill's Flycatcher.— Taken at Beaver 
Bay, Aug. 27. [A female, whose actions seemed to indicate that it had 
young, was shot in a willow thicket at Duluth, July 13, '77. ] 

60. £mpidonaz minimus, Bd. Least Flycatcher. — Apparently common. 
Poplar River, Aug. 9. Grand Uarais, Aug. 20. 

61. Empidonax flaviventris, Bd. Yellow-bellied Flycatcher.— A pair 
taken at Poplar River, Aug. 6. 

62. Cbordeiles vlrginlanus, (ffm.) Bp. Night Hawk.— Common in the 
latter part of August, when they were migrating in loose flocks. 

63. CheturapeIagica,)£Ai«,).Bd. Chimney wift. — Generally distributed, 
but nowhere observed to be common, except at Duluth, in July, 1877. 
Aug. 6, a nest containing three young birds about two days old, was found 
in an abandoned house at Poplar River. The birds entered through a stove^ 
pipe hole in the roof, and had glued their neat to the vertical boards of one 
end of the attic. Seen at Devil's Track Lake, Aug. 16. It must breed 
almost exclusively in the hollow trees. 
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64. Trochilas colubris, Linn. Ruby-throated Humming-bird. — Taken at 
Oraad Maraig, Jul; 29, and seen at Beaver Bay, Aug. 29. 

65. Coccygua er;throphtlialmu9,(}rt'b.)Sj>. Black- bi) led Cuchoo. — Qrand 
Harais, Aug. 13 and 19. One seen at Beaver Baj, Aug. 27. 

68. PicuB vi)lo8Us,£in.n. Hairy Wo odpecker.—Ocoaaional. OrondMarais, 
Aug. 20. 

67. Ficua pubeaoens, Idnn, Downy Woodpecker. — Rather common. 
Orand Marau, July 29. ■ 

88. Picoides areticuB, (Su. ) Grag. Arctic Woodpecker.— Taken at Orand 
Maraia, Aug. 21, and seen at Black Point, Aug. 24. [Duluth, July 16, '77.] 

69. [Melanerpeg erythrocephalua, {Linn.) Su. R«d-headed Woodpecker. 
— A single individual aeen at Duluth, July 11, '77.J 

70. ColaptesauratuB, ILinn.) 3w. Golden -winged Woodpecker. — Duluth, 
Sept. 1. Not noticed elsewhere ; but its occurrence at Grand Marais during 
the migrations is reported by residents. 

71. Bubo virginianuR, {Om. ) Sp. Great Homed Owl.— Heard at night on 
fleveral occaaloas, and a specimen secured at Grand Marais, Aug. 20. 

72. Sj^nium nebulosum, {FbrH.) Bate. Barred Owl. — A medium sized 
owl, seen at Poplar River on the evening of Aug. 4, may have been tbia 
species. 

73. [Accipiter fuscus, ifim.) Gray. Sharp-shinned Hawk.— Seen at 
Duluth. July 16, *77.] 

74. Aatur atricapillus, ( Wils. ) Jard. American Goshawk.— A single 
<fema1e !) bird of the year taken at Little Uarais, on Aug. 26. 

75. Faico communis, Om. Peregrine Falcon.— At a point about two 
miles below Poplar Piver, where the shore of the lake is a rocky cliS sur- 
mounted by thick trees, a pair of these birds was aeen Aug. 4. Aswe paaaed 
the place in a boat they circled about over the woods and wafer, uttering 
repeatedly ahort, harsh screama and seemed greatly agitated by our presence. 
Was it possible for them to have had young at that late date ! Their actions 
certainly indicated that they had. A second pair, which, upon ourintrusion 
upon their domain, acted in much the same excited manner, was seen Aug- 
25 on the summit of Carlton's Peak, and a single individual was observed 
Aug. 24 about the high, jagged precipice of the "Saw-tooth" at Black Potn.t. 

76. FaIco columbaijus, Linm.. Pigeon Hawk. — Taken at Grand Marais 
Aug. 13, and seen at Beaver Bay. 

77. Paico aparverius, itnn. Sparrow Hawk.— Very common; especially 
numerous in burnt localitiea, where it perchea on the dead trees. Feeds here 
largely on grasshoppers, aa is its habit elsewhere. 

78. Buteo pennsylvanicus, (WiU.) Bp. Broad-winged Hawk.— Grand 
3Iarais, Aug. 19, (young bird.) 

79. Pandion haliaetus, (£«nn.) Ouo. Pish Hawk, Usprey.— Seen at Grand 
Harais, Poplar river and Duluth. These birds lived apparently in the range 
of hills back from the ahore, and came to the lake at intervals to catch flsh. 

SO. Aquila chrysaitua, Linn. Golden Eagle. — A fine adult specimen, 
killed at Grand Marais in the fall of 1S77, was presented to the survey this 
summer by Messrs. Thomas and Henry Mayhew, of Grand Marais. 

81. Haliaetus leucocephalns, (Linn.) Sav. Bald Eagle.— None seen, but 
a pair reported to have bred the present season at a point a number of miles 
inland from Grand Marais. 
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83. GathatteB sun, {Linn.) HI. Turkey Buzzard.— A specimen procured 
ty Prof, C. W. Hall, at Grand Harais, in Oct. 1678, is in the University 
Museum. Not noted this jear. 

83. Ectopiates migratorift, (imn.) S«>. Wild Pigeon.— An occasional' 
pair noted during the early part of August, and flocks of considerable size 
toward the last of the month. Grand Marais,.Aug. 9. 

84. Bonasa umbellus, (Zinn.) Sleph. Buffed Grouse. — Several covies. 
seen. In the middle of August the young were little more than half grown. 
Devil's Track Lake, Aug, 16. 

85. • [.^gialites vocifera, (Linn.) Bp. Kllldeer Plover.— Noted at Duluttt 
in July, '77,] 

86. Lobipes hyperboreua, (Ztnn,) Ouv. Northern Phalarope. — A single- 
female, taken Aug, 29, by Prof. N, H. Winchell, a few miles above Beaver 
bay. It was alone, swimming in the lake, at some distance from the shore. 

87. Ereuntes pusillus, (Linn.) Com. tjemipalmated Sandpiper.— Moutb 
of Devil's Track river, Aug. 21. 

88. Tringa Minutilla, YieiU. Least Baudpiper. — Common ; frequenting- 
in place of the unsuitable shingle beaches, the perfectly bare and smooth. 
rocky shore, 

89. Tringa bairdii, Cow*. Balid's Sandpiper,- Two specimens taken at 
Grand Uarats, Aug. 22, Together with one or two others of the species and 
several I^east Sandpipers, they were feeding on the wet rocks, seeming to 
find abundant food in the path of every retreating wave. 

90. Tringa alpina americana, Ca»a. Block-bellied Sajidpiper, — A single- 
individual seen on Aug. 30, near Agate bay. 

91. Tetanus flavipes, (Om.) VieiU. Lesser Telltale. — Common ; in small 
flocks on the beaches. Grand Harais, July 28. 

93. Totanussohtariua, ( Mil.) .Aud. Solitary Sandpiper. — Bather com- 
mon. A small shallow pond, full of fallen trees and brush, was their favor- 
ite resort at Grand Marais. Grand Marais, July 29. 

93. Tringoidea macularius, {Linn.) Gray. Spotted Sandpiper. — Common. 
Seen at Devil's Track Lake, Aug. 16. Dulutb, Sept. 1. 

94. [Botaurus Minor, {Qm.)BoU. American Bittern. Seen at Duluth ia 
July, '77,] and heard of at Grand Marais this year. 

95. Porzana Carolina, {Linn.) C^. Carolina Ball. — Common, thouglk 
the almost entire absence of marshes forces the species to frequent what 
seem very unsuitable places. For instance, the dense raspberry patches of 
burnt sections, thick brush, a pea patch, the rank grass about abandoned 
habitations, and like curious localities. Once I found tliree quietly reposing- 
several feet from the ground In an evergreen tree standing in a perfectly dry, 
stoney location ; and on another occasion shot a specimen from the smaller 
branches of a tree, where it had alighted upon being flushed from & weed- 
patch on a dry hill side. Grand Marais, Aug, 20. Poplar Biver, Aug. G. 
Beaver Bay, Aug, 27, 

97. Anas boschaa, Linn. Mallard. — Mouth of Devil's Track River, Aug. 

88. Querqueduia discors, (Unn.) Steph. Blue-winged Teal.— Two seen 
in Grand Harab harbor, Aug. 22. 

99. (Aix sponsa, [Linn.) Boie. Wood Duck.— Flock of six seen in. 
Superior Bay, Duluth, July 13, '77.] 



3y Google 



8T4TE GEOLOGIST. 165 

100. Mergus merganser, Linn. Goosander. — Apparently common. A 
large brood seen several times on Devil's Track Lake. When alarmed they 
'fluttered along over the surface of the water for a long distance, uttering 
loud cries. They retreated occaBionally dowa the river and probably came 
up to the lake for the purpose of Ashing. (Possibly lerrator, as no Specimen 
was secured.) 

101. Mergua cucullatus, Unn. Hooded Merganser. — A single female 
-seen at Grand Mantis, July 28. 

102. LarUB argestatus, firunn. Herring Gull. — Abundaiit. They are 
said to breed on two amall rocky islands near Grand Marals. Stomach of 
-one specimen found full of grasshoppers which it had probably picked up 
:from the surface of the water for these insects perish in the lake in count- 
less numbers. Grand Harais, Aug. 12. 

103. LaruB delawarensis, Ord. Ring-billed Gull.— Common. Grand 
Uarals, Aug. 19. 

104. Coljmbus torquatuB, Brutm. I>oon.— Common. 

IDS. PodilymbuB podiceps {Linn.) Laier. Pied-billed Grebe. — A speci- 
men taken by Prof. HaU in the fall of 1878. A species of grebe, probably 
I*, podieept, was occaBloaalty segn on the lake the present season. 

T. 8. B0BEBT8. 
MiBNEAPoLiB, MisN., Dec., 1879. 
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AI>I>ENr>IX A. 



[From the Amkricam JocimAi. op Science, Vol. XIX, Pkbruabt, 1880.J 



On lAnbmiit and offt^ forms of Thomstmite: A preliminary notice of the 

ZtoUtei of the nldnity of Orand Marai», Cook County, Minnesota ; 



Qrand Marsia is situated on the northwest coast of Lake Superior, one 
hundred and eight ralles northeast of Dnluth. It is the site of an early 
French trading or miaaion station, and was later a station of the Hudson 
Bay Companjr. Its beautiful land-locked bay fumiabes the only good 
harbor between Duluth and Pigeon Point. 

The rocks, for several miles east and west, as well as at the Maraia, are- 
classed in general as igneous, and have often a basaltic structure. They 
present, however, great diversities of character both to the chemist and 
lithologist ; and while the mineral species are perhaps altogether old, the 
forms are in some cases new. It was our original intention to confine thl» 
research to one or two peculiar forms that first attracted our attention, but 
in the progress of our examination the subject has outgrown its earlier 
proportions, both as regards its extent and the time required for its- 
successful completion. We have therefore concluded to give in the present 
paper some general observations with such details as are at present in hand, 
reserving others until further study and analyses shall have .rendered tbe- 
work more complete. 

At Good Harbor Bay, about four miles to the westward of Orand Marais^ 
there begins a bed of dark colored rock, highly decomposed at surface, and 
related to diabase in its lithological characters. This bed extends westward! 
along the coast for several miles, sloping gently from the wooded hilltops a 
mile or two inland, and disappearing beneath the waters of the lake In 
its fresher parts the rock is somewhat mottled where coarsest, and nearly 
black with a greenish tinge where finest in texture. It is only from the- 
talus, under the wall of rock rising above an underlying sandstone outcrop 
in Good Harbor Bay, that this fresh material can be easily obtained. Even 
here the mottled appearance discloses the partial decomposition of the 
most perishable of the constituents, and the formation of some new viriditic 
mineral. The lower layers are firm and compact, while the upper are 
extensively jointed and fractured, and filled with amygdaloidal cavities. 
These cavities, in whatever manner they were originally formed, have 
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become filled with zeolitic nuDenls. Some of tlie cavities are now empty, 
b^it evidentlj as a result of the removal of their coatents by solvents perco- 
lating through the enclosing rock. Occasionally the cavities are only 
partially fllled, and the substance within shows on its surface unmistakable 
traces of the action of solvents. In some cavities one mineral is nearly all 
washed away, leaving the surface of the remaining one or several, as the 
case may be, rough or uneven, as originally formed. This occurs only 
where water has had access. • 

The prevailing mineral, thomsonite, is only sparsely distributed in the 
lower and compacter beds of the formation. The general occurrence of the 
several other minerals, so abundant here, would seem to indicate that this 
mineral wasf formed firat of all from the decomposition of the rock, and 
that one of the others owes its origin In part at least to the decomposition 
of those that were formed before it. In many masses of the rock where 
much exposed and weathered t&e matris has been so decomposed as to be 
easily broken away from the araygdules, but in the fresher portions the 
fractures extend across them. The other zeolites, being less persistent 
than the thomsonite, rapidly disappear, while the amygdules of this mineral 
remain upon the narrow beaches of this vicinity in the form of pebbles of 
various sizes, frequently unbroken and beautifully polished. 

The cavities containing thomsonite are in many places exceedingly num- 
erous, and in other cases few in number, even in the same bed of rock. The 
size varies from a microscopic point to a diameter of two or three inches. 
In one piece of the thomsonite-bearing rock, now in the General Museum 
of the University of Minnesota, the number of amygdules distinctly visible 
to the unaided eye on a surface two inches square is sufficient to give more 
than 10,000,000 to the cubic foot. The largest in this area was about half 
an inch in diameter. The amygdules are generally much larger and more 
scattered than this specimen would Indicate. Since they abound in the 
rock throughout many feet of its thickness and many miles of its extent 
along the shore, the supply appears to be inexhaustible ; but practically the 
number of beach-pebbles, valuable as specimens, is quite limited. All the 
different varieties of thomsonite are so hard that they take a fine polish ; 
and on account of this projterty and their often unique banded structure, 
they are much sought after by tourists and others as objects of rare beauty, 
and also for buttons, studs, etc. 

On our first visit to the beach where the greater number of these pebbles 
occur, we at once recognized fragments of the large amygdules as thomso- 
nite. Intermingled with these were spherical and oval pebbles, often more 
or leas fattened, and of all sizes from that of a pin's head to that of a 
hickory nut, but for the most part of the sise and form of beans and peas. 
Some of these were also recognized as thomsonite. The larger portion 
presented a great diversity of color and physical structure ; some being 
white and opaque, almost concholdal in fracture, with but slight indications 
of a fibrous structure ; others flesh-colored throughout, hard and fibrous, 
resembling thomsonite from the Tyrol and other localities except in their 
greater hardness and finer texture ; others coarser, closely resembling the 
mineral from other localities ; others, curi'oualy banded externally with 
zones and annular spaces of red, green, pink and white ; and still others, 
opaque and chrome-green in color, shading out in some to colorless and 
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translucent with a coDcboidal or uneven fracture. These last were at flrst 
Buppoaed to be fragment§ of prehnite, rounded by attrition. On further 
eiamination a number of the green pebbles were found to have a fibrous 
and fleah-coloied interior with a sheli of the amorphous green mineral. In 
given portions of the roclc formation, the amjgdules were, for the moat 
part, of the game general character ; in one place, being green and opaque ; 
in another, without green bands; while in another, for the moat part, 
beautifully variegated. Similar local peculiarities were observed in refer- 
ence to tezttzre, some portions .of the rock containing only those that were 
hatd and Sne grained, while others those that were uniformly coarser in 

In our esaminations of the amygdules, we designated the opaque white 

variety. Number o7i« (I), the ordinary thomaonite, Number tico (H), and the 
green varieties, Number tR.ree (III). 

As regards hardness, the tbomsonite^tn nearly all Its varieties — is pecu- 
liar Some fibers acratch quartz, which indicates a hardness above 7 ; but 
thia may l>e owing to the presence of free silica. The harder specimena of 
Nunber III scratched an agate mortar easily, but were scratched by quartz 
crystal ; yet the percentage of silica waa found to be no higher in the harder 
ttian the other specimens. The grain of such specimens, however, is exceed- 
ingly fine. Host frequently the hardness is between S and B. The specific 
gravity varies from 2.33 to 2.3S ; the water-worn and somewhat weathered 
pebbles have it a little lower, one or two aa low aa 2.2. The fracture of Num- 
bera I and II is fibrous ; of Number III very uneven, and takea place in all 
directions with almost equal facility. They all gelatinize in hydrochloric 
acid to a thick jelly. Before the blowpipe they fuse easily and intmnesce 
to a porous white enamel. In the closed tube, water to the amount of 11 to 
12 per cent, of the whole weight waa given off at the heat of an ordinary 
spirit lamp. Grains of native copper are frequently found in them, particu- 
larly in those of Number UI, which, if the pebbles are transparent, exhibit 
under a low magnifying power arborescent groups of crystals, thrusting out 
their branches in every direction through the enclosing mineral. In one 
instance an amygdule, about as targe aa a cranberry, contained at Its center 
a mass of copper of this kind, one-third of its diameter. In this character- 
istic Number III resembles the prehnite of French Biver. 

Number J.— The amygdules of this type are perhaps of leas common occnr- 
rence than other forms. Externally they look like porcelain with a slight 
creamy tint. Under the microscope they appear for the most part trans- 
lucent. Countless fine dark tines extend longitudinally through the thin 
section, rapidly disappearing to be replaced by others, like the cells in a 
longitudinal section of wood, which are probably caused in part by refrac- 
tion of the light from the edges of minute densely packed crystals, from 
cavities, and from microlites. One noticeable result of these lines is to 
weaken the eifect of the minera! on polarized light. Not infrequently this 
opaque modification of the mineral is banded with alternating zones, either 
transparent or yellow, or even with both ; the transparency here seems to 
be owing to an absence of the lines and microlites just noticed ; while the 
yellow zones owe their color to globules of ferric oxide distributed through 
the mass. In the worn amygdules the mineral oft«n has a beautiful pearly- 
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Biutre. In minute quaatitiea the ferric oxide gives the mineral a flesh- colored 
Hint. 

A-mean of three analyses showed the composition of this mineral to be : 

SiOa 40.45 

All O] ; . . 29.S0 

Fei Oj 0.232 

CaO 10.76 

K,0 0357 

Na,0 4.766 

HaO 13.93 

99.985 

Even opaque white amygdules afforded a trace of ferric oxide, which in- 
creased to a few hundredths of one per cent, when the tint was perceptibly 
fleah-red. 

Number II. — Under this type nearly every specimen is fibrous and radiated. 
The masses are spherical or elliptical, with the point from which the crys- 
talline fibers radiate on one side of the mass, or, as ia perhaps morecommon, 
having several centers of radiation within the compact mass. Occasionally 
the mineral fills seams, or occupies cavities that run together; here, there 
are centers of radiatioD at frequent intervals and by a system of suture-like 
joints, the whole is made into a compact mass. Yet, solid as the mass may 
appear to be, a thin plate cut from it invariably separates into pieces along 
the lice of these joints, giving the mineral an appearance of fragility while 
it is really as hard as agate. The fibers often interlock along the line of 
these joints. 
At the outer extremity of many of these radiated concretions, there of teu 
. occur many transparent needles, large enough to be seen with the unaided 
eye, extending backward along the direction of the fibers toward the center 
of radiation. These needles are broken up into short pieces by transverse 
fractures. They all taper out and disappear, the longest of them reaching 
no further than the middle of the mass. They act strongly on polarized 
light and contain some inclusions. These lines do not occur as developed 
crystals. 

Around the boiilers of many amygdules there are numerous small sphsro- 
lites. They have probably formed around granules of various foreig^n sub- 
stances as nuclei. Their size is small ; to the naked eye they look like mere 
«pots, hut they are so numerous as to form an envelop almost entirely around 
the radiated concretions. 
A mean of three analyses gave — 

SiOa 46.020 

AlaOj 26.717 

PeiOj 0.813 

CaO 8.400 

K»0 0-390 

NaaO 3.766 

HaO 12.800 

99.896 
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Hiimb&r III. — Ah before atated, theae pebbles, when flrat seen, were sup- 
posed bj us to be worn fragments of renifonn prehuite, so common in 
sevenil localities along this sbore. We soon found evidence tbat ttiej were- 
amfgdulea; still the f&ct that they were not prebnite was not suspected 
until tlieir specific gravity had been determined and found to be that of 
tbomsonite, 2.32 to 2.37. Analjrsie showed them to contain— 



AUOj 30.215 

PeO 40 

CaO 10.370 

KjO .49 

Na, O 4.0S5 

H,0 13.75 

99.885 

This composition allies the mineral very closel; to thomsoaite, so closely 
that, considered alone, there appears little reason why the mineral should, 
not be considered as a variety ; but there are several notable reasons why a. 
Bpeciflc name may properly be applied to this, as we believe, hitherto unde- 
scribed mineral. 

These pebbles are wholly destitute of the radiated and crystalline chantc- 
ter of other forms of thomsonite. Under the microscope the texture is wholly 
granular so that the crystalline system cannot be determined ; and the gran- 
ules are so fine and so compactly arranged in many specimens that they caa 
be resolved only in polarized tight. Their size, however, is not uniform lib 
the same pebble, being so fine in some places that only a high power will 
make them visible. 

Spbeerolites are also frequent ; but unlike their mode of occurrence ia tbe- 
thomsonlteg, they are distributed almost at random in any part of the amyg- 
dules containing them ; and frequently some foreign material, as a bit of 
copper, is a nucleus. The aphterolites often occur in groups; large num- 
bers are crowded and heaped together, growing into and overlapping one 
another, like the tridymite scales in the rhyolites of Uexico and the trachyte* 
of the Siebengebirge. These groupings are not always spherical ; some- 
times they extend in long curving lines through the moss, following perhaps 
a fracture or a seam, instead of being collected around a nucleus as a sptuer- 
olite. They show parallel green fibers meeting along a median suture and 
correspond in their manner of occurrence to Zirkel's description of aziolites 
in the rhyolites of the 40th parallel.*' 

The amygdules of the green variety rarely exceed in size a small hickory 
nut. As before stated, they are not generally found intermingled in the- 
rock with the other forme, but have special localities — they filling nearly all 
the amygdaloidal cavities wltliin a given limit, whose boundary at the aam& 
time is not sharply defined. Frequently the forms of No. I or II are envel- 
oped in a green covering of considerable thickness. Moreover, the amyg- 
dules of this type uniformly contain fenous oxide in small but varying pro- 
portion in combination, whereas in Numbers I and II the microscopic 

• V. S. Oeol. EiploT. 40th Panlld. vol. il, p. IW et Kq. 
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sectiona show the ferric oxide to be segregated in minute pftrticlea or patches 
mechanicallj distributed tbrongh the flibrous mass ; and in many unygdules- 
thete particles can be Been distinctly even nith the unaided eye. Nor can 
Numbers I and II be considered as altered forms of Number III, as the con- 
dition of the iron might indicate. No amjgdule has come under our obser- 
vation which exhibited a nucleus of Number III, surrounded by Number I 
or n. On the contrary, we have quite a number in which, through a thin 
translucent shell of Number III, the pink interior can be discerned. And 
we also have fragments, and amygdules have been cut, which show the- 
external crust of Number III passing toward the center into the radiated 
form of Number IL 

In determining the oxygen ratio for Number II, the silica appeared to be 
too high. We had previously suspected the presence of free silica from the 
exceptional hardness of all of these varieties. As the microscope showed 
the ferric oxide in every case to be free, we concluded to compute the per- 
centages for Number U to 40.45 per cent, of silica, the amount found in 
Number 1, and exclude the iron oxides. We were much surprised at the 
.results, which are given below ; 



BiO, 


40.45 


40.4G 




40.606 


AlaOj 


29.50 


29.37 




30.215 


CaO 


10.75 


10.43 




10.37 


K,0 


0.36 


0.42 




0.49 


NbjO 


4.76 


4.28 




4.05 


H. 


13.93 


13.93 




13.75 














Bfi.75 


98.88 




99.48 


re,03 


0.23' 


0.88 


FeO 


.40 














99.98 pr. ct. 


B9.78 pr 


ct. 


99.88 p 



These figures prove conclusively that we were dealing with varieties of the 
same mineral. On comparing these percentages with those given In Dana,* 
the water and silica were found to be high. 

Computing the oxygen ratios and formula for Number III, we have 

Per cent. Hetal. OijgeD. Atoms. 



PeO 


0-40 


0-3111 


0-0889 -0 


K,0 


0-49 


0-4068 


0.0832 


NaaO 


40SG 


30118 


1-0432 -0 


CaO 


10-37 


7 '4070 


2-9630 
41783 R. 


AI,Oj 


30-215 


16 1343 


14-0807 


SiO, 


40-605 


18-949 


21-656 . 


H,0 


13-76 


1.528 


12.222 



Dividing the oxygen percentagea by 5, we have 

RO: R»0, : 810,: H» = 1: 3 : 4: 2V^, 
which is the ratio for thomsonite, given in Dana's Mineralogy, with the 



•Sjilemot UlaerdoET, nrih edition, p. 4!5. 
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faaaes low and tbe silica and Wftter high. Dividing the atoms by -005, vr« 
have the formula 

(2-5(FeOl-K, O+Ntto 0)+3-5CaO)Alj O3 , (SiO, ), (H, 0)j , 
with the protoxide bases low, and the silica and water high.* 

Com'pattng the ratios after Rammelsberg) we have : 
(N»+K): (Cft+Fe) r : 1 : l'S6 
(Ca+Pe) : Ala : ; 1 : 154 

(Ca+Fe+K+Na) = R; Ali : SI : : 113 : 1; 2-03 
K : H : : 1 : 2-26 

Bammetsberg deduces from these ratios a formula which he calls a half 
silicate (Halbaihcat), according to the ezpreasion 

( m (2Ca All Sii Os +Eaq} ) t 
j n (2Na, Al, Si, Os +5aq) ( 
in which m, indicates a certain proportion of a hydrous silicate of aliuniniuii 
And a djad protoxide, and m a certain proportion of a hydrous silicate of 
aluminuiD and an alkaline or monad protoxide. The ratio between m and n 
varies in different specimens. Number I and Number II, without the excess 
of silica, approach more nearly the thomsenite of Blbogen ia composition <in 
which the ratio of m to n=2: 1) than any mentioned by Rammelsberg. 
While the ratio of Si to H is about the same as given by Rammelsberg, the 
percentage of both in these specimens is higher than in the analyses quoted 
by him. 

We conclude, therefore, that this mineral contains a small percentage of 
free silica, and also that a part of the water is basic. This latter opinion is 
strengthened by the fact that about 12 per cent, of the water escaped at a 
dull red heat, and that only prolonged heating in a platinum crucible for 
several hours would expel the last l'7S percent. At least six determinations 
of the water were made in this variety, with the same result. 

The percentages of Numbers I and II are so near that of Number III that 
no material difference can exist In their formuls. While recognizing this 
fact as respects the chemical constitution of these mlnerats, the great difter- 
«uce in their physical structure leads us to regard Number m as a distinct 
and well marked variety of tbomsonite, if not a distinct species. We have 
therefore given it the name Liutonite, in honor of Miss Laura A. Linton, a 
recent student and graduate of this University, to whose patient effort and 
skill we are indebted for the analyses given in this paper. 

UNirSRsnT OF Himsbsota, Nov. 20, 1ST9. 

•FitthedlUoB, P.4HI. 

t Bammelaberg Hln. Chem., Bd. 1S75, p. eST. 
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APPENDIX B. 



CORRESPONDENCE WITH THE UNITED STATES 
GEOLOGICAL SURVEY. 



WABHiKaTOir, Feb. 28, 1880. 
Prof. N. B. WiwMk, State Oeologitt, MinneapolU: 

During tbe coming spring it is probable that congress will determine the 
question whether or not the Burvejs atiall be extended over the whole area of 
the United States. It is not the policy of this organizatioa to make surveys 
of States, but simply to follow such general questions as happen at any time 
to be under investigation wherever the facts may lead, regardless of politi- 
cal lines. An erroneous impression of the policy of this bm«au having 
been industriously circulated, the director desires to announce to you that 
he urges the inauguration and continuance of State surveys, and wishes to 
co-operate with them, to the mutual advantage of both parties. He desirea 
to ask whether or no, in your opinion, such general extension of this survey 
is desirable to meet the practical and scientific needs of the people aAd 
the Government, and whether you would wish to co-operate with him. 
Please reply very fully by telegraph. 

CLARENCE KING. 



[Telegram.] 

The TTiTivBRfirrY or Hinnbbota, 

Mran&APOLtB, Mum., Mar. 1, 1880. 
Clarmce Eiiig, Birtetor of tAe United StaUM Qeetogkal 8vr^, WaAingUm, J). C .• 

The general extension of the United States Geological Survey over the 
whole area of the United States is, in my opinion, desirable for the follow- 
ing reasons : 

1. It will give it full data for the discussion of questions that arise in one 
part a^id cannot be settled without examinations in other parts. 

Z The need of geological science in America is a systematic and author- 
ized adjustment of a great many questions that have been variously 
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answered by the vaHous local geologists of the Btatea, princip&ll; because 
of restricted areas of examination. Such an extension of the United States 
Geological Survey would ultimately barmonize a great many apparent 
discordances that now exist, and would redound to the advancement of the 
science, and the general acceptance of its truths among the people. 

3. There are some States, as well as Territories that never have completed 
geological surreys, and perhaps never will. Yet a knowledge of this 
geology ia esaential to the interpretation of the geology of adjoining States, 
particularly when they isolate those adjoining States from] the before- 
surveyed areas of the Union. There should be some agency for surveying 
such areas of the Union. The geological relationships between the States 
is as intimate as- the hydrographic, or the climatic, or the sonltaiy, or the 
commercial ; and the general "practical and scientific needs of the people" 
Just as much require their examination, Interpretation and full publication. 

4, I have no sympathy whatever with the alarming cry of Slates righU, as 
against such a general extension of the United States Geological Survey. 
The history of the past century has suffloienlly established the national 
character of the United States. It is pre-eminently a nation's duty to survey 
and map, and develop its domain, whether held by private partiesjor not ; 
and OUT Government has recognized this duty in a great many ways. It has 
established hydrographic, magnetic, geoditic, climatic, ethnologic, astro- 
nomic, topographic and other surveys and investigations of a national 
character, in one way and another, which are as likely to trespass on the 
rights reserved to the States as anything connected with a geological survey. 

6. The older States tliat have been surveyed, ought to be re-surveyed. 
The development of the country is so rapid that new geologic facts are con- 
stantly being exposed, bearing on a knowledge of the strata and their con- 
tents. This is in the nature of scieuce. It is no fault of the early geologists. 
This necessity Is so apparent that in several of the older States such 
re-surveys have already been undertaken. 

6. The aggregate cost to the United States of a uniform general survey, 
of the character and completeness that the United States government would 
execute, would certainly be much less, and the survey would be much 
quicker done than if each State should institute its own survey and invest 
in apparatus and outfit and carry it on independently. 

On th* other hand, the general extension of the United States Qeological 
Survey over the whole area of the United States, would result disastrously 
in the following ways, unless special provision be made against them : 

1. Reducing the number of scientific investigators and observers, by the 
absorption of their functions and duties into the general United States Sur- 
vey, and hence the decadence of general popular knowledge of, and interest 
in, scientific matters. 

2. The removal of specimens and material for museums from the States 
to the national capital, and hence the Injury of the States themselves by 
compelling the citizen to travel often a great distance to examine his home 
products. 

3. In an educational sense, the loss to the State of those incentives, 
methods and means of scientific knowledge which are derived from the geol- 
ogical examination of the State. 
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4. The interfereace with, and final termination of, the present and the 
preventton o( future State geological aurreys. 

If a law can be framed that will carry out the former COnsiderationB, but 
.guard against the latter, I should be in favor of it, and Bhould be glad to 
■co-operate with such a United Slates Geological Survey. 

The mere extension of the present U. S. Qeological Survey, for the pur- 
pose of certain economical iavestigatlons over the whole area of the United 
States, is not only veiy desirable, but almost necessary for the satisfactory 
elucidation of our national material wealth, making a kind of geological 
-census ; and I shall be glad to co-operate in every way in my power. It aeema 
to me that a law could be framed that would allow the States, through their 
State UniversltieB, a large latitude in the control o^ the material gathered, 
And In the educational interests involved, but which would still place 
the genera) aupervieion, direction and publication at Washington. 
Yours very respectfully, 

N. H. WINCHELL. 
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te, that fdl near Eitheroille, Emmet County. 
Vay 10, 1879. 

1 SMITH, LOUISVILLE, KT, 

all \Ui attendant circumstances one of the 
irefore visited the region, on my return to 
1, and saw the two large masses which are- 
I short notices have alread; appeared on 
each, bj Professor Shepaid, Professor 
s; and in describing the physical and 
ginal masses, I shall be obliged to repeat 

ar Esttaerville, Emmet County, Iowa, just 
linnesota, lat. 43° 30'', Ion, 94° SO', within 
which has become remarkable for falls of 
a outline map In my article on "the three 
in Indiana, Cynthiana in Kentucky, and 
Le space of one month."* 
articularly conspicuous in recent years as- 
atial messengers ; and I now have under 
kable one with some peculiar physical 
B not yet obtained the historic details. 
e faS, were of the usual character, but on 
}ut five o'clock in the afternoon, under a 
Ightly. In some places the meteorite was- 
lUgh the air, and looked like a ball of fire 
d of fire behind it, and one observer saw 
a course was from northwest to southeast, 
te are referred to as being " terrible" and 
e and terrifying the people over an area 
they were louder than that of the largest 
' a rumbliog noise, as of a train of cara- 
n when it struck the ground was sensible: 
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to many persons, and it !a reported that the soil was thrown into the air at 
the edge of a ravine where the largest of the masses was found. Two indiv- 
iduals were within two or three hundred yards of the spots where the two 
larger masses fell. 

There were distinctly two esplosions. The first took place at a consider- 
able height in the atmosphere, and several large fragments were projected 
to different points over an area of four square miles, the largest mass going 
farthest to the east. Another explosion occurred juat before reaching the 
ground, and this accounts for the small fragments found near the largest 

Impact mth the earth. — A remarkable fact connected with the fall, besides 
that of the local disturbance of the earth alluded to, is the depth to which 
the mass penetrated. Had the fall taken place during the night, I doubt if 
the largest fragment would have been found. It struck within 200 feet of a 
dwelling house, at a spot where there was a hole {previously made) six 
feet deep and over twelve feet in diameter, filled with water, and having a 
bottom of stiff clay. This clay was excavated to a depth of eight feet 
before the meteorite was discovered, and two or three days elapsed before it 
w:is reached. Its total depth below the general surface of the ground was 
hence fourteen feet. 

The second large mass was found embedded in blue clay about five feet 
below the surface, at a place two miles distant from the first. The third of 
the three largest masses was not discovered until the 23d of February, 1880, 
more than nine months after the fall, and its locality was four miles from 
the first. A trapper on the prairies, who had witnessed the original occur- 
rence, observed a hole in a dried-up slough ; on sounding it with his rat 
spear, he detected a Itard body at the bottom, and on digging found the 
atone at a depth of five feet. Some small fragments were doubtless 
detached when the large mass approached the ground, as they were dis- 
covered near to it. The fragments thus far obtained weighed respectively, 
437, 170, 92^, 28, lOi^, 4 and 2 pounds. 

Height and neioeUy. — A railroad engineer who observed it before the 
rep:)rt, estimated its height to be forty miles, but at the time of the explo- 
sion much less ; from an imperfect computation, he considered its velocity 
to be from two to four miles per second. 

ESxtemal Characters. — The masses are rough and knotted like large mul- 
berry calculi, with rounded protuberances projecting from the surface on 
every side : the black coating is not unifonn, being most marked between 
the projections. These projections have sometimes a bright metallic sur- 
face, showing them to consist of nodules of iron; and they also contain 
large lumps of an olive-green mineral, having a distinct and easy cleavage, 
which is more distinct where the surface has been broken. The greater 
portion of the stony material is of a gray color, with this green mineral 
irregularly disseminated throi;gh it. The two minerals are mixed under 
various forma; sometimes the green mineral Is in small rounded particles 
intimately mingled with the gray, at other times it is in small cavities in 
minute crystalline fragments, without any distinct faces, and almost color- 
less. The masses are quite heavy and vary much in specific gravity in their 
different parts; but the average cannot be less than 4.S. When broken, 
one Is immediately struck with the large ncduUs of metal among the gray 
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and green stony subatanceg, some of whlcb will veigh 100 gnms or more. 
In this respect this meteorite is unique, it diflering entirely from tlie mixed 
meteorites of Pallas, Atacamft, etc., or the known meteoric stones ricli in 
Iron ; for in none of these has tlie iron tbls nodular character. 

Another striking feature in the relation of the iron Bod atonj matter is, 
that the larger nodules of iron appear to have shrunk away from the 
matrix ; an elongated fissure of from one to three millimeters sometimes 
Intervening, separating the matrix and nodules to the extent of one-half 
the circumference of the tatter, and appearing as if the iron had contracted 
from the stony matrix during the process of cooling. There are numerous 
small cavities of variotu sizes, where there are not aay iron nodules, and 
where the minerals appear more crystalline. Indicating an irregular shrink- 
age during the consolidation. 

T^ mi7Wrai».—A.i firat sight I expected to find more than two euthy 
minerals. The microscope gave, as with most meteoric stones, unsatis- 
factoiy results. I therefore tried to separate the stony minerals mechani- 
cally ; the only mineral that I was enabled to obtain pure in sufficient 
quantity, has on oliye green color, and occurs in ifiasseB of from one-half to 
one inch in size, having an easy cleaTSge, especially in one direction ; this 
is proved to be olivine. The same mineral occurs also in minute rounded 
concretions in other parts of the meteorite ; and minute, almost colorless 
crystalline particles in the cavities I take to be olivine. NicMiferov* iron, 
as already stated, Is very abundant. TroSite exists in small quantity. 
ChTomils was also found. 

That the stony part of this meteorite consists essentially of bronztte and 
olivine will be seen from the chemical investigation, which found only 
three essential constituents, rlE; silica, ferrous oxides and magnesia. 
' Another silicate will be referred to tieyond, consisting of the same oxides, 
but in different proportions from either bronzite or ollTine. 

Chemieal aniMitution. — The stony pari, pulverized and freed as far as 
possible from metallic Iron by the aid of the magnet, when treated with 
chlorhfdric acid on a water bath for several hours, is resolved into soluble 
and iosoiuble parts, the proportions varying very much with different 
fragments, and ranging from IS to 60 per cent for tbe soluble part. This 
soluble part consists of silica, ferrous oxide and magnesia, and without a 
trace of lime, thus Indicating tlie absence of anorthite. 

(1) IniotubU porCiim.— The insoluble portion was carefully analyzed by 
fusion with carbonate of soda, and found to contain : 

Oijkbh rstlD. 

Silica 64-12 2912 

Ferrous oxide 21-05 4-67 

Chtomio oxide trace. 

Magnesia 2480 9-BO 

Soda with traces of potash and lithia -09 -028 

Alumina -03 -018 

99-29 

The oxygen ratio clearly indicates the mineral to be SiR, being virtu- 
ally 81 (^gFe), or the common form of frmiwt'to contained in meteorites. 
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(2) Sotriile portion. — On testing the green mineral already referred to I 
found that this was the soluble portion, and it was readily detected in a 
pure state from the stony part at the meteorite. Its cleavage in one 
direction is very perfect ; its specific gravity 3*35 ; hardness almost 7; pul- 
verized, it is readily and completely decomposed by hydrochloric acid. 
Two analyses were made, one by decomposing it directly with hydrochloric 
acid over a water bath, and the other by first fusing it witli carbonate o 
soda— the two analyses agreeing perfectly. 

Oijrgen ratio. 

Silica 41 -BO 22-13 

Ferrous oxide 14-21 3-12 

Magnesia 44-64 17-86 

100 -35 
The above analysis gives the formula SiRi, or that of olivine. 

(3| Opaietcent tilicale. — In some parts of this meteorite, a silicate occurs 
that is opalescent, of a light greenish -yellow color, and cleaves readily. In 
one instance I observed it making a notable projection on the surface. 
Although I had a number of fragments of the meteorite for examination, 
amounting to ten or twelve pounds, I did not obtain enough of the mineral 
to establish positively its true character, but I hope to obtain more. An 
analysis was made with about 100 milligrams of the pure mineral with the 
following result: 

Oiyg«n ratio . 

Silica 49-60 26-12 

Ferrous Mine 15-78 3-50 

Magnesia 3301 13-21 



Equivalent to SiBj -1- ffia R, one atom of bronzite plus one atom of olivine, 
a form of silicate that we might expect to find in meteorites. 

(4) ThenickeUferouiiron.—AM already stated this iron is abundant in the 
meteorite, and sometimes in large nodules of 60 to 100 grams \ on a pol- 
ished surface the Widmanatattian figures are beautifully developed by acid. 
On analysis it was found to contain : 

Iron 92-001 

Nickel 7-100 

Cobalt -690 

Copper minute quantity. 

Phosphorus. -112 

99-903 

{!i) TroilHe.—Tbe proportion of ,troilite is not large, and it could be 
detached only in small fragments. 

(6| OhromiU. — When small pulverulent fragments of the meteorite are 
henied with hydrochloric acid for some time and the residual matter 
washed and dried, it is easy to And particles of the stony mineral more or 
less filled with minute black shining particles which are chromite. 
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The constitution of this meteorite, bo far as I have been able to make it 
out, is therefore as follows : 

BrmwUe, abundant ; otivine, abundant ; niekelifetvtit iron, abundant; 
iTomte, in moderate quantity ; chromite, in minute quantity ; tSieate, not yet 
well determined. 

It will be thus seen that in its composition the meteorite contains nothing 
that is peculiar. I should, however, give it a unique portion among 
meteorites, on account of the phenomena accompanying its fall, especially 
the great depth to which it penetrated beneath the surface, and also because 
of its physical characters and the manner of asaociatlou of its mineral 
constituents, t examined carefully for feldHpar and scbreibersite ; but the 
absence of both lime and alumina {except as a trace) clearly proved the - 
absence of anorthite; and the small particles of the mineral that might 
have been taken for schreibersite were found un examination in all instances 
to be troilite. 



Emmet County MrteerUe: — When my paper was sent to press, the following 
new facta in connection with this meteoritic fall had not been discovered. 
I am indebted for them to Mr. Chas. Birge. These additional discoveries, 
twelve months after the fall, only add to the interest of this phenomenon. 
Mr. Birge, a few months ago, had been made aware of the fact that a 
number of boys, herding cattle near a lake about four miles west of 
Estherville on the day of the fall, reported that when the meteor passed 
over them, a great shower of what appeared to them hailstones fell, and 
that the surface of the water was alive with the falling bodies. Three 
weeks ago (April ISth) the people of that heighborbood began to find, on 
the freshly burnt prairies, small pieces of meteorites from the size of a pea 
to one pound in weight ; 300 to 500 were thus found ; and ten days ago 
(May IstJ thousands of men, women and children were on the ground daily, 
and from the meteoric field probably five thousand pieces have already been 
gathered, making in all a weight of not less than from 60 to 76 pounds. 
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APPENDIX X). 



CASTOROIDES OHIOENSIS, Foster. 



la the city of Minneapolis, while digging for ft cistern on the comer of 
Washington avenue and Fifteenth avenue north, Mr. — Sommers discovered, 
at the depth of eight feet, the left mandibular ramus of this rare beaver- 
like rodent. The position is within the Valley of the Mis.sissippi River, and 
under the sandy loam that lies on the brick da;. Referring to the diagram 
opposite page 168 of the report for 1876 jflfth report), its position ia illus- 
trated. It lay near the bottom of the "sandy, loam-covered, gravelly plain," 
about twenty feet above the river, and over the brick clay, so near the 
brick clay that in excavating in search for other pieces, some of the clay was 
thrown out. Accompanying it were fragments of tTJiio shells. It hence 
belongs tc> that period of time when the Hmsissippi extended between the 
high drift bluffs that enclose the city of Minneapolis, and which are about 
two miles apart, and hence to the Hood, or " terrace," epoch, of the glacial 
period. Probably the ice of the glacial period still prevailed over the 
northern part of the State, its dissolution supplying the abundant water 
which kept the Mississippi at tliat stage. 

This rodent was first found In the State of Ohio, at Nashport, Licking 
County, and was described anonymously, but not named, by J. W. Foster, 
in the American Journal of Science and Arts for 1837, with figures, and 
subsequently named by him in the 2d Report on the Geology of Ohio, in 
1838. It was again found at Clyde, Wayne County, New York, and was 
described and figured by Wyman in the Proceedings of the Boston Society 
of Natural History, in 1846, This discovery embraced the right ramus and 
the entire skull. In the University Museum are perfect plaster casts of 
these specimens, the original of which are in the museum of Geneva College, 
The remains of the same animal (ramus of the lower jaw) have been found 
also at Memphis, Tenn., which were described by Wyman In the Am. 
Jour. Sci. and Arts for 1850, vol. X, and in the third volume of the Proc. 
Bos. 8oc. (1850); also by Agaasiz in Froc. Am. Asac. Adv. Sci. for lesi. 
Mr. J. Le Conte records ita discovery at Shawneetown, Illinois, in the Proc. 
Phil. Acad. Nat. Sci., vol. VI , p. 53, and J. Leidy notes fragmenta of teeth 
from the Ashley River, South Carolina, and a skull near Charleston, Coles 
County, 111. Wyman also mentions its discovery near Natchez, Mississippi, 
and in Louisiana, and A. Winchell records it in Michigan, in the American 
Naturalist for 1870. J. A, Allen reports it from Dallas, Dallas County^ 
Texas, from the alluvial deposits of the Trinity River, associated with the 
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remains of an extinct horse and maBtodou, in the MoDograph on Itodeotia 
(vol. XI) of the United States Geological Survey of the Territories, by F. V, 
Hayden. It seems, therefore, to have been extended over the whole of the 
United States east of the MiHsissippi from Minnesota to Louisiana, and into 
Texas, and to have been cotemporaiy with the mastodon, and hence with 
the mound builders. It was, however, quite different from the living 
beaver, and -may not have been acquatic. No portions of th« glieleton 
except the head and teeth have been discovered. Its size was about tliat of 
the common black tiear, according to Mr. Allen, and it was wholly a vege- 
tarian. 

The specimens found at Minneapolis consist of the left ramus and the lower 
left' incisor, the latter evidently broken from the former in being removed 
from the sand in which the whole was entombed. Their size indicates an 
animal somewhat larger than the specimen llrst found in Ohio and described 
by Foster, and also larger than that found in New York. It is, however, a 
little smaller than that described by Wymau from Memphis. The whole 
length of the specimen, when the parts are united, is 9}^ inches, of which 
5^ inches consist of the projecting, uncovered incisor, a portion of the jaw 
being broken bwrj on the under side. The condyle and coronoid process 
are wanting, and the sigmoid notch is also gone. On the under portion of 
the mandible the alveolar cavity of the incisor isbroken into between the sym- 
physis and the angular (!) process, disclosing the dark-brown enamel of the 
incisor. The angular process is about half an inch in length, directed 
obliquely inward and backward Its base extends antero- posteriorly an inch 
and a half. Its shape is that of a blunt rounded wedge, and its under surface 
i»in a plane at right angles to the grinding surface of the molars. The four 
molars are al! preserved perfectly. The first one, which rises a little more 
than half an inch in front, above the alveolar cavity, has four, obliquely 
transverse lamell«, or flattened hollow plates, covered with enamel and 
cemented together, one after the other, by layers of cruita petTO*a, which 
also seems to fill their interior. Within the alveolar cavity these plates, or 
sacks, at least in the fourth molar, are separate and free, and when this 
tooth is taken out their lower ends are open. The outer surfaces are finely 
striated perpendicularly, and crossed transversely by undulations of growth. 
The second and third molars have each three lamellie, the first and last of 
which are obliquely transverse but parallel, while the sacond is more oblique- 
ly transverse and longer, nearly touching the interior angle of the third and 
the exterior angle of the first. The lamellee all cross the mandible from 
within obliquely outward and forward. The second and third molars are of 
nearly the same size and shape, but they rise less above the alveolar cavity. 
They are sunk deep within the mandible, along the outside of the incisor. 
The enamel ridges on the grinding surfaces form a broad letter S. In 
the fourth molar the dentinal plates are three in number and more nearly 
parallel, and less oblique to the general direction of the grinding surface. 
These plates terminate on the upper surface of the incisor, which passes 
below, or along the inside of the bases of all of the molars. The symphysis 
of the mandible, where it united with the other ramus, is three inches long, 
there being a thickening of the bone and a downward process on the under 
side of the ramus where the incisor in use would most need a powerful ful- 
crum. The greatest diameter of the incisor, where broken, is one inch. 
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Its section is sub- triangular, the outer and lower surfaces being rouaded, 
wbile the upper and inner surfaces are flat or slightly concave. The exte- 
rior curved surface is grooved longitudinally, with lS-20 grooves, which are 
about twice as wide aa the ridges they separate. They are unequally dis- 
tant, being more close on the lower side than on the outside. The Inside 
and upper side are not thus grooved, but they show fine transverse waving 
undulations of growth, which also are sometimes visible crossing the grooves 
and ridges of the exterior surface. At the extremity, which seems to tiave 
run nearly to a point (now broken off) rather than to an edge, the enamel is 
worn away by use on the upper side about an inch from the end. There is 
a large duct or canal entering the ramus about an inch back of and above 
the fourth molar, which, passing the fourth molar without bifurcation, 
. descends obliquely over the incisor outwardly, and passes below the third 
molar. The grinding surface of the molars is concave in the direction of 
its length, as in other specimens that have been described. Its length is 
three inches. Our specimen thus compares with others in the length of the 
grinding surface of the molars : 

The Clyde specimen 2, TJ^ inches. 

The ]!4'ashport specimen 2.8 " 

The Memphis specimen 3.1 " 

The Minneapolis specimen 3.0 " 

Prof. A. J. Allen regards the Oaatoroides so constituting the type of a dis- 
tmct and hitherto unrecognized family {Ga»U>roi^idm) and separates it entirely 
from the Caibrridai. In the same group he inclines to include the Amblyrhiza 
and Loxomylus, described by Prof. Cope, from the bone caverns of Anguilla 
Island, West Indies. This rodent, he gays, "presents a singular combina- 
tion of characters, allying It^ on the one hand, to the beaver, and on the 
other, to the chinchillas and viscachas, and also to the muslirat, but which at 
the same time separate it widely from either group." 
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DHIOENSIS, Foster. 



A. View of the fourth Molar from h^xfw. 

B. Side view afthefowrth Molar. 

C. Section of the left Incisor. 

D. Grinding surface of the Molars. 
K The left Ikumts. 
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ERRATA. 

On page 12, ISth and 35th lines from the bottom, for thMit read slime 

On page 19, Tth line from the bottom, for pleoeroic read pleocliroic. 

On page 2S, lOth line from the top, for from read four. 

On page 134, 13tb line from the top, after take* strike out the comma. 

On page 136, 1st line, for quiwiiytie read uuartzittc. 

On page 143, 5th line from the top, fat pwniceutu* read pumiceus. 

On page 143, 16th line from the top, for tnemorali* read n^noralie. 

On page 174, 7th line from the top, for tldt read their. 

On page 183, Sth line from the bottom, for no read as. 
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